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WATERLOGGING AND SALINITY MANAGEMENT IN SINDH PROVINCE,
PAKISTAN

Volume Two

THE FARMING SYSTEM: POTENTIAL FOR INVESTMENT AND RETURNS IN SINDH,
PAKISTAN

[ INTRODUCTION

A, Importance

The avoidance of risk in farming and sustainability in productivity are largely insured through
managing irrigation properly. Water is a precious input in farming because the potential of genetic
improvement in the crop varieties and agronomic innovations can be fully tapped only if the
irrigation is made available in the vast areas where the annual precipitation is very low/inadequate.
Irrigation provides the scope for sustainable agriculture and paves the way for alleviating rural
poverty, hunger and malnutrition. Irrigation water is essential to Pakistani farmers because it means
an assured crop, higher yields, more income and more employment. To Pakistan, it means 24.5
percent of the gross domestic product, 26 percent of public revenues and 64 percent of all exports
provided by products originating in the agricultural sector (GOP, 1997-98). If irrigation is managed
properly, increasing the intensive and extensive use of land becomes possible in three ways: (1) It
helps to bring new lands (that are otherwise fallow/barren) under cultivation, and thereby, increases
the net sown area on the farms; (2) It makes possible to grow more area under crops in the dry
seasons and thereby increases the land use intensity; and (3) It enables growing shorter duration crops
(which cannot be grown without an adequate and dependable water supply), and thereby, makes
multiple cropping possible (Jehangir and Sampath, 1991).

The role and importance of irrigation resources and their management in the context of the country's
increasing population can hardly be exaggerated. The population of Pakistan was reported to have
been 132 million in 1996 (GOP, 1995-96) and is projected to be 207 million in 2013 (WSIP, 1990).
Given this widespread growth in human numbers in the history of Pakistan, a required magnitude of
food production for the projected population has been determined and is given in Table-1.
Corresponding irrigation requirements for the years 2000 and 2013 would be 176 and 254 Billion
Cubic Meters (BCM), respectively (Table-2). These requirements do not include urban and industrial
water uses. When allowing for these non-irrigation uses, the estimated overall water requirements
would be 183 and 265 BCM for the years 2000 and 2013, respectively. The examination of Table-1
and Table-2 would reveal a very anguished scenario. On one hand, corresponding to the required 28.4
million tons (MT), the estimated food grains production would be 22 MT by the year 2000 (i.e. about
23 percent shortage of food grains by the year 2000). This deficit in grain production will almost
double, i.e. 12 million tons in the year 2013 (Table-1). On the other hand, the water availability falls
short of requirements by 50 and 133 BCM in the years 2000 and 2013, respectively (Table 2).
Consequently, the agricultural production would fail to meet the demand (Table 1).



Table 1. Agricultural Requirements and Potential Production.

(Million Tons)
Year 2000 2013
Population 148 Million 207 Million
Crops Requirement | Production | Shortfall | Requirement Production | Shortfall
Food Grains 28.4 22.0 6.4 39.0 27.0 12.0
Sugarcane 47.2 37.9 93 66.0 42.3 23.7
Cotton(Lint) 2.0 1.7 0.3 29 22 0.8
Pulses 1.1 0.8 0.2 1.4 1.1 0.3
Oilseed ‘ 1.9 0.7 1.2 2.8 . 1.1 1.7
(Ex.Cotton)
Vegetables ~ 8.2 5.6 2.6 10.5 7.4 31
Fruit 9.2 5.5 3.5 14.3 7.3 7.0
Total 98 742 23.5 136.9 88.4 48.6

Source : Planﬁing Commission and WSIP, 1990.

Given the high economic value of irrigation water and its scarcity in relation to demand, the
importance of using it most efficiently and productively is obvious, but the current irrigation practices
in the Indus Basin can hardly meet the criteria of good water management. The economic potential of
the agricuitural land use in the country is determined by how efficiently the land in that country has
been utilized; irrigated or unirrigated. These lands differ in productivity due to its land use intensity
based on agro-climatic conditions, the presence of public/private irrigation facilities, the location, or
due to the presence of other factors like salinity or waterlogging.

Table 2. Water Requirement and Availability in Year 2000 - 2025.

(BCM)
Year 2000 2013 2025
Population (Million) 148 207 267
Water Requirement
Irrigation 177 255
Non-Irrigation 7 11
Total : 184 265 342
Water Availability |
Total Surface & Ground 134 132 156
Shortfall 50 133 186

Source: Malik, 1995,



The ownership status also plays an important role when explaining the productivity differences.
Productivity differences have been observed in many under-developed countries. The prevailing
literature on rural development is filled with inquiries about the effect of the farm size and land
productivity. In one respect, the debate is important as it provides information about the presence of
economies/diseconomies of scale in agriculture, and about the selection of the optimal farm size.

The debate on the productivity differences in India was first started by Sen (1962), beginning with his
analysis of India's Farm Management Studies of the mid-1950's. Then, differences in productivities by
farm size were brought up by a number of farm management studies carried out in India, Pakistan and
other developing countries during the 1960's and 1970's. The most frequently stated proposition was that
an inverse relationship between output per acre and farm size exists. These studies tried to explain the
apparent low land productivity on large fanms by testing the hypothesis that large farms make a smaller
use of variable inputs per acre. The lack of proper management and the inefficient use of land resources
were quoted to be major reasons for low productivity on large farms in developing countries. [Sen
(1962), Chennareddy (1962), Sen (1964), Hopper (1965), Sen (1966), Rao (1967), Saini (1969), Cline

(1970), Bhattacharya and Saini (1972), Dey and Rudra (1973), Bharadwaj (1974), Khusro (1974), Berry
and Cline (1979)]. :

B. History of Irrigated Agriculture in Sindh

Agriculture in the Sindh Province has been practiced around the Indus River since time immemorial.
However, the planned irrigation system came into being after the commissioning of the Sukkur
Barrage. Now, the three barrages (namely, Sukkur, Kotri and Guddu) mainly command about 5.78
Mha of the culturable command area in the Sindh Province. Besides these barrages, the agriculture in
the Sindh Province is dependent upon 14 feeder and main canals and 1,462 branch canals,
distributaries and minors having a total length of 19,780 km (SID, 1997).

The Sukkur Barrage commissioned in 1932, provides irrigation to about 3.106 Mha through its seven
canals; three on the Right Bank of the Indus River namely, North Western, Rice and Dadu Canals and
four on the Left Bank, namely, Nara, Rohri, Khairpur East and Khairpur West Canals. The Kotri
Barrage was commissioned in 1955, provides irrigation to about 1.161 Mha of culturable command
area through the Fuleli, Pinyari and Akram Wah Canals on the Left Bank and connects to the Kalri
Lake through the Kalri Bhagar Feeder for providing drinking water to the city of Karachi. The Guddu
Barrage commissioned in 1962, and provides irrigation to about 0.866 Mha of culturable command
area through three canals on the right bank, i.c. the Desert, the Pat Feeder and Begari Canal, as well
as the Ghotki Feeder on the Left Bank of the Indus River. The Pat Feeder also carries the share of the
Pat Feeder Canal in the Baluchistan Province.

The current study takes into account the data collected from about 14 canal commands namely, the
Begari, Dadu, Desert, Fuleli, Ghotki, Jamrao, Khairpur East, Khairpur West, Lined Channel, Nara,
North West, Pinyari, Rice and Rohri Canals.

L)



1) Problem of Waterlogging, Salinity and Drainage in Sindh

Another current physical constraint that is a major threat to the irrigated farm economies in Pakistan
is the increase of area under waterlogging and salinity. The problem of waterlogging was the result of
the seepage from the irrigation canals. In order to arrest this problem, the Government of Pakistan
launched different Salinity Control and Reclamation Projects (SCARPs) starting in 1959. During the
late 1980s, the studies revealed the occurrence of secondary salinization and its increasing trend
towards the tail reaches of the supply system [Chaudhry et.al (1978), Johnson et al, (1977), Clayma
and Ashraf (1975) Lowdermilk et. al (1978), Bhatti (1990)]. The barrage-controlled irrigation in the
Sindh Province resulted in the assured and more timely supplies for the existent cultivated areas, the
development of new areas, and in some commands, the provision of water in winter. Since, at the
start of these irrigation systems, consideration was not given to the probiem of drainage, the major
adverse effect of the barrage-controlled system in the absence of drainage has been the rise in the
watertable and a consequential increase in the soil salinity. About 0.69 Mha of the irrigated area was
reported to have the problem of waterlogging and salinity during 1960 (GOP 1964). As a result, the
production of crops have been seriously affected in the areas severely affected by waterlogging and
salinity, and cultivated lands have been progressively abandoned. Out of the total culturable waste
areas in the Sindh Province, about (0.45, 0.51 and 0.57 Mha in 1972, 1980 and 1990, respectively)

0.23 and 0.31 Mha were affected by the problem of waterlogging and salinity during 1980 and 1990,
respectively.

Recent research studies on the subject has cautioned that soil conservation and the efficient utilization of
available cultivable land is the only realistic answer to increase the crop productivity in order to feed the
ever-growing population of developing countries. These studies further signify that the customary ways
of expanding the available land from unirrigated to irrigated lands by constructing dams, reservoirs, and
canals can no longer provide a satisfactory solution to irrigated agriculture. The argument was that the
green revolution period (1970's) focused agricultural development policies in developing countries on
modernizing the agriculture through diffcrent subsidy programs, which provided cheaper inputs to the
farmers of these countries. The criticism for such strategies is that the benefits of those policies were
reaped by the large farmers of these developing countries and not by the small farmers, because poor
farmers could not access modern inputs due to resource constraints [Bagi (1981), Doelalikar (1981),
Cornia (1985), Feder (1985), Khan and Akbari (1986), Afzal (1989), Mann (1989), Taslim (1990),
Hallam (1991}, Latif et al (1993) Yaseen and Rao (1993)].

The current study has been conducted to identify the geographical distribution of the current resource
base in the Sindh Province. The study analyzes the on-farm data with respect to the estimation of the
unused cultivable lands, estimation of the relationship of the output with respect to the agricultural
inputs, tenure, farm size, and imigation and land use intensity. This study intends to determine the
efficiency of resource use on farms located in 14 canal commands of Sindh. It also intends to estimate
the operational distribution of land holdings in Sindh across different farm-size groups and their
relationship with unused cuitivable lands. An understanding of these relationships will enable better

identification of farm-size, interregional, and inter-temporal shifis in the sign and size of different
parameters.



C.

Objectives

The specific objectives of the study are to:

D.

Document-the temporal changes in the farm size, land use, tenure, input-use pattern and the
resulting production of the major crops in the Sindh Province;

Examine the spatial differences in the key inputs and returns from the major crops at the canal
command level in the Sindh Province, and farmers’ perceptions about the major physical and
economic constraints affecting the irrigated agriculture in the Sindh Province;

Study the relationship between the size of the holding and the level of unused cultivable land,
and the effect of the level of irrigation on the culturable waste areas;

Estimate the relationship between cropping intensity and the size of the holding, and the
influence of the level of irrigation on the cropping intensity;

Estimate the efficiency of the land use across the canal command level with réspect to the farm
size in the irrigated areas of the Sindh Province;

Identify the production potential of major crops for different farm categories in each of the canal
commands in the Sindh Province; and

Engage the applied use of a dynamic model to collectively account for the viability of
interventions specified by the production function

Organization of the Study

The study is organized into six sections. Section 2 describes the sampling methodology, data source,
levels of data aggregation, characteristics of census data variables, and econometric criteria being used in
the present study. The historical perspective of temporal changes in the production of major crops and
the changes in the level of input use are described in Section 3. The Section 4 describes the current
production practices and the farmers’ perceptions about the constraints to the agricultural production in
Sindh. Section 5 estimates the uncultivable waste lands in Sindh at the canal command level and stidies
the relationship between farm size and unused lands. Also, it estimates the level of efficiency of the land
use across the farm size by using the primary data collected from the field and the secondary district
level data. Section 6 highlights the cost and returns from the major crops in Sindh during 1997-98. The
summary and conclusion are given in Section 7.



II SAMPLING METHODOLOGY AND DATA SOURCE

A. Data Collection

Primary and secondary data sets have been used to carry out the present study. The primary data sets
comprised the survey data of 1,539 sample farms located at 795 sample sites across 14 canal commands
of the lower Indus Basin in the Sindh Province. The secondary data comprised 40 years data from the
Agricultural Census reports (1960-1990), Agricultural Statistics of Pakistan (1997-98), and Economic
Survey of Pakistan (1998). The descriptions of the data variables and the processing of the agro-
economic data are given in the following section.

1) Primary Data Collection and IIMI Sample Coverage

Sample areas were identified for IIMI-specific data collection through the use of high resolution satellite
images. Subsequently, these were fed into sequential processing by a calibrated groundwater salinity
model and a host of economic models. The remote sensed images of the Sindh Province and the GIS
modeling played a key role in the selection of the sampling sites (as described in Vol. 1. of the report).

i) Pre-testing Questionnaire and Training Enumerators

Before the actual data collection, the questionnaire was pre-tesied in the field in order to evaluate its
workability, and as a result, appropriate modifications were made. The revised questionnaire was pre-
tested once more in another location among the non-sampled villages of the Left and the Right Banks of
the Indus River. Rigorous training has been imparted to the enumerators over several sessions. The
purpose of imparting training was to avoid conceptual biases in data collection. The first session served
as an explanatory session, in which the procedure for selecting respondents was explained. The
following session focused on commonly made mistakes when obtaining information using a structured
questionnaire. Another session highlighted the concepts used in the questionnaire, background
objectives, and the meanings of various questions.

Subsequently, respondents were asked to interview the trainer, so that their mistakes were immediately
indicated for ratification. This exercise was repeated numerous times to ensure that the enumerators and
trainers were in full understanding. The final session entailed coding procedures, in which the
importance of using accurate codes was also discussed in detail. After these sessions, the enumerators
were taken to the field, and trainers conducted two demonstration interviews. Later, each enumerator
was asked to conduct one interview in the presence of the trainer. The enumerators’ completed
questionnaires were examined in another session, and mistakes made in data collection were discussed at
length. Enumerators were also asked, and encouraged, to note responses considered deviations from
coded responses. These were added to the coding list, and modified accordingly for distribution among
enumerators. The actual data collection started during December 1997 and continued unti! the end of
June 1998.



2) Farm Level Stratification

The sample areas comprise 14 canal commands, which provide irrigation supplies to farms located in 15
districts (Sukkur, Larkana, Nawabshah, Mimurkhas, Sanghar, Shikarpur, Thar, Thatta, Umerkot,
Naushehro Feroze, Khairpur, Jaccobabad, Hyderabad, Ghotki and Dadu District, as listed in Table 3).
The primary data were collected from 1,539 farms located in 795 different sampling sites defined
through GIS modeling, as shown in Figure 1. Out of the total number of 1,539 farms, 554 farms were
located on the Right Bank of the Indus River (166 farms were located in canal command areas of the
Begari, 31 in the Dadu, 61 in the Desert, 193 in the Northwest and 103 farms in the Rice Canals). About
985 farms were located on the Left Bank of the Indus River). The distribution of the sample site shows
that about 74 sample farms were selected randomly from the Fuleli Canal command area, 186 on the
Ghotki Canal, 128 on the Jamrao Canal, 79 on the Khairpur East Canal, 65 on the Khairpur West Canal,

56 on the Lined Channel, 104 on the Nara Canal, 25 on the Pinyari Canal and 267 farms on the Rohri
Canal command area.

3) Processing Farm Level Data

During the farm survey, farmers were asked to provide information about their farm sizes in acres;
tenunal status (owner, owner-cum-tenant, tenant and lessee); land use pattern (Kharif 1997 and Rabi
1997-98); fallow area (area not cropped during each season); land rent; culturable waste area; incidence
of soil salinity on the farm (in terms of Achoo / white Kallar), sodicity (Karo / black Kallar);
waterlogging; cropping intensity; availability of irrigation supplies; input usage and costs; cultural and
agronomic practices; yields of the major crops; prices received for the farm produce and farm pattern;
irrigation sources; any significant changes in production during the last ten years (increasing/decreasing)
and the reasons; ground water quality on the farm; reclamation measures, if adopted; and drainage

conditions on the farm. Farmers’ perceptions about the drainage problems on the farms were also
gathered.

The farmers’ responses were recorded on a well designed pre-tested questionnaire. The questionnaire
provided the general information about the farms and the specific information about the input usage, for
specific crops, and the output of these crops on each of the farms. These general responses were coded
according to a well-designed coding scheme and were recorded in the spreadsheet. The crop-specific
usage of inputs {(information about the number of ploughings by Gobal (Disc Harrow), Punjphara (Five
tine cultivator), Ordinary Cultivator (11 tine cultivator) planking, seed rate, fertilizer type/quantity,
irrigation  type/applications, insecticide / weedicide, quantity / application, labor usage, cost of
' threshing/harvesting etc.)] and the output for each of the four crops (wheat, rice, cotton and sugarcanc)

were also recorded in the spreadsheets. To determine the total farm revenue, the farmers were also asked

about the prices they received for the specific crop output and about the value of the by-products for all
the four major crops.

4) Aggregate Sample Domain

As already mentioned, the total farm data at the Sindh level include the data of 1,539 farms. The data
matrix has columns comprising the coded data information about the polygon number, sample number,
name of the respondent, village/Goth name, district, land ownership, leasing-in or renting-out
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information, farm size, land use, soil classification, fallow area on the farm, reasons for keeping the land
fallow, cultivated area, cropping pattern, area under crops, cropped area destroyed due to calamity, etc.,
source of irrigation, irrigation time, quality of irrigation water, depth of the tubewell, information about
the changes in the depth to watertable, information about changes in the yield, incidence of drainage
problems on the farms and the farmers’ practices about managing the drainage problem. The sample of
the master matrix is shown in Appendix A. The major results derived from this master matrix are
discussed in the ensuing sections of the report.

B. District Level Census Data

The district-wise, temporal, farm-size-wise cross-section data used in this study are taken from the four
Agricultural Census reports of Pakistan for 4 census years, 1.€. 1960, 1972, 1980 and 1990. One main
advantage of these data sets is that they not only cover the pre-Green Revolution/Pre-SCARP period
(1960) and the initial Green Revolution/SCARP period (1972 & 1980), but also the matured Green
Revolution/SCARP period (1990). Three levels of data integration have been incorporated, i.e. overall
Sindh level, district level and canal command level data.

1) Data Integration

At the grand integration level, all the survey data sets pertaining to the entire canal command and
(1,539) was integrated based on the GIS classification criteria. The Census data sets for all of the
districts and all the census years for entire the Sindh level comprises 36 cases (nine farm categories
for each district' for four census years). All the farms in each category across all of the districts were
added to arrive at the total number of farms and area and other relevant variables for Sindh as a whole
(i.e., Sindh average of nine farm categories for each census year * 4 census years = 36 cases). The -
first level of disintegration involved using the data for nine farm categories for the three census years
(1960-72) in each of the 10 districts, twelve districts during the 1980 census year and thirteen districts
during 1990. This produced a data set of 405 cases related to time-series and cross-sectional
observations (i.e., an average of nine farm categories for each of the census years (1960-72) * ten
districts * two census years (9*%10*2 = 180), plus nine farm categories of twelve districts (9*12=108)
for the 1980 census year and 13 districts for the 1990 census year (9*13=117), amounting to the total
of 405 cases). The purpose of the exercise was to see the kind of inferences that could be drawn
according to the level of integration used. Some light may be thrown on the pre-SCARP and post-
SCARP, differences in the land use intensity and cropping intensity that are present in the levels of
integration. Small farms, on an average, are expected to employ more labor, and larger farms are
expected to employ less family labor and more hired labor, the hypotheses are stated for the average
behavior for a particular farm-size group. If that is the case, then the best way to represent the
relationship in the regression equation will be to define it in terms of averages for each group and use
the averages in the estimation of the regression parameters (Rao and Miller, 1972).

"The nine operational farm-size categories are:

1: <0.05ha 4:20- 30ha 7. 100-20.0ha
2:05-1.0ha 5:3.0- 50ha 8: 20.0-60.0ha
3:1.0-20ha 6:50-100ha 9: 60.0 and above.
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Figure 1. Location of IMI-Sample Site across the Sindh Hydrological divides ( 1997).
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C. Sample Population in Sindh

Table 3 shows that the sample population in the Sindh Province is distributed across fourteen canal
commands compnising 1,539 farms and covering about 45,605 hectares of land. About 166 sample farms
are located in the Begari Canal, which constitute i1 percent of the total sample population. The
percentage distribution of the samples in all the canal commands is depicted in Table 3. The average area
for these farms reveals that the farm size in the command areas of the Nara, Rohn, Jamrao, Begari and
Desert Canals is more than other canals, which vary form 35 to 51 hectares. In the Dadu, Khairpur West
and Khairpur East Canals, the average farm size varies from 4 hectares to 6 hectares. Farms in the
Khairpur East and West Canals are more fragmented than in the Rohri, Nara and Jamrao Canals. Farm
sizes have a significant effect on land use intensity and cropping intensity; in large farms a part of the
farm area remains unused as waste or fallow land. But in small farms, cultivators try to use land
intensively. Small farmers do not leave the farm area unused. For analytical purposes, the sample farms
are divided into three farm classes i.e., Small, Medium, and Large. Farm managers manage most of these
farms, and tenants cultivate land. Owners of these farms remain absent and interfere little in farm
operations. According to the Census of Agriculture, farms comprising less than 2 ha are classified as
Small farms, 2 to 10 ha are classified as Medium farms and 10 - 60 ha of land are classified as Large
farms. The extra-large farm category is defined for farmers who own more than 60 ha of land.

Table 3. Distribution of Sample Farms and Farm Area in Canal Commands of Sindh.

Canal Command Number |% Farms across Area % Area across canal Average farm Size
canal command commands ;

Began 166 i1 7353 16.12 44

Dadu 31 2 112 0.24 4

Desert 61 4 2807 6.15 46

Fuleli 74 5 1559 3.42 21

Ghotki 186 12 3280 7.19 18

Jamrao 128 8 6583 14.43 51
Khairpur East 79 5 313 0.69 4
Khairpur West 67 4 381 0.83 6

Lined Channel 56 4 1234 2.71 22

Nara 105 7 6550 1436 62

North West 191 12 4145 9.09 22

Pinyan 25 2 646 1.42 26

Rice Canal 103 7 1299 2.85 13

Rohn 267 17 9346 20.49 35

Sindh 1539 100 45606 100 30

Source: Sindh Waterlogging and Salinity Management Survey, 1997-98.

The description of the variables used in the current analysis is given in the ensuing section.
D. Description of the Variables

The present section deals with the measurement of vaniables used in the economic analysis of the study.
Given the theoretical principles and availability of data, the variables are specified as described below:
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1) Total Farm Crop Production

The total farm crop production is measured in value terms. The crop output will be defined as the sum of
the monetary value of the total specific crop produced on the farm during the survey year of 1997-98. In
this study, only the wheat, rice, sugarcane and the cotton crops (grown during Kharif 1997 and Rabi
1996-97) are for detailed investigation. Farmers were asked to give their best estimates about the
- production of the major crops on their farms. The gross return of each crop per farm consisted of the
value of the crop output. To measure the total farm crop output in value terms, the price per 40 kg of
crop output received by the farmers at the farm gate was used.

2) Amount of Labor

The farm labor performs different routine activities in crop production management. Farmers have been
asked about the participation of the family's adults (male), women and children, as well as any hired
labor contributions on the farm for different operations, as recorded in the questionnaire.

3) Irrigation Cost

The irrigation cost includes the tubewell cost (either diesel or electric) and charges for canal water. The
prevailing market price of the tubewell water for one hour was taken as the opportunity cost of tubewell
irrigation. To estimate the irrigation cost for a specific crop, the tubewell's per-hour operational cost was
multiplied by the number of hours the tubewell was used for irrigating each of the major crops at the
farm. The charges for the canal water and the amount paid for water hired from other people for each of

the major crops, if any, were included in this expenditure. The manual labor required for irrigation was
not included in the irrigation cost.

4) Fertilizer Cost

Fertilizer use has become the key component in crop production. The physical quantities of fertilizers
containing nitrogen, phosphorus and potash for each of the major crops, and zinc for the rice crop, were
taken into account. The farmers were asked about the type and quantity of fertilizer used for each of the
major crops. The total fertilizer applied to each of the major crops on the farm was multiplied with their
respective market prices to quantify this variable in value terms.

5) Dry Land Preparation

The farmers on the Left Bank of the Indus River were using the Gobal (Disc Harrow) for the first
ploughing of the land, and then they used the ordinary cultivator. In contrast to the cotton and sugarcane
crops, the roots of rice and wheat plants are superficial in nature and require a good preparation of the
soil's top layer. Thus, the farmers on the Right Bank of the Indus River were found to customarily use
the Punj Phara (Cultivator with five tines), and later they use the ordinary 1l-tine cultivator for

cultivating their rice fields. The number of dry ploughings and the number of plankings for dry land
preparation used at each farm was used in the analysis.
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6) Wet Land Preparation

In the Sindh Province, both on the Left and Right Banks of the Indus River, the farmers use the Kodar
(wooden plank) in the wetland preparation for the rice crop. This requirement is to level the field for
transplantation and to reduce the water percolation through the soil pores. It also reduces the germination
of weeds and increases the soil's water retention capacity. Before the wet land preparation, the cultivated
land is irrigated, and then the Kodar (wooden plank) is used to level the field in the puddle condition.

The cost of the Kodar for wet land preparation per farm was added to the cost of the land preparation in
the case of the rice crop.

7) Land

Expressed in hectares, land includes only the farm area used by the respondents to cultivate the major
crops.

8) Average Culturable Waste Area per Farm (ACWA)

The culturable waste area is defined as "that uncultivated farm area that was fit for cultivation, but was
not cropped during the survey year nor in the year before that; it also consists of saline/waterlogged
patches of the land.” In order to calculate the average culturable waste area per farm from the census

reports, the total number of farms is divided by the total culturable waste area available in each farm
category, i.e.:

CWA
ACAW = e (H
FNO
Where:
ACWA = Average Culturable Waste Area per farm;
CWA = Total Culturable Waste Area on each farm category; and
FNO = Total Number of Farms in each farm category.

9) Average Farm Area Total per Farm (AFAT)

The total farm size represents the ownership size of the farm, which includes cultivated and uncultivated
areas contained in the farm. In order to compute the average size of the land holding per farm, the total
farm area in each farm category was divided by the total number of farms in each farm category, i.e:

FAT
AFAT = —_— (2)
FNO
Where:
AFAT = Average Farm Size in each farm category;
FAT = Total Farm Area on each farm category; and
FNO = As already defined.
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10) Proportion of Irrigated to Total Cultivated Area per Farm (CAI/CAT)

In order to compute the proportion of irrigated to the total cultivated area, the total irrigated cultivated
area in each farm category was divided by the total cultivated area in each farm category, i.e:

CAI
Proportion of irrigated to cultivated area = - : (3)
CAT
Where:
CAI/CAT = Proportion of [rrigated to Cultivated Area;
CAI = Total Irripated Area on each farm category; and
CAT = Total Cultivated Area on each farm category.

I1) Gross Cropped Area (GCA)

This is defined as the aggregate area under crops raised on a farm during one year, including the area
under fruit crops. It measures the intensive use of the land.

12) Net Sown Area (NSA)

This is defined as the cultivated farm area which is actually cropped during one year, regardless of the
number of crops raised, and includes the area under orchards for the same year.

13) Cropping Intensity (CI)

The cropping intensity indicates the extent to which the cultivated area is used for cropping, and is
computed as follows:

GCA
Cl= — )
CAT
Where:
Cl = Cropping Intensity on each farm category;

GCA = Gross Cropped Area on each farm category (as already defined); and
NSA = Net Sown Ared on each farm category (as already defined).

14) Index of Inefficiency in Cropping Intensity

Inefficiency in the cropping intensity is an easy concept, but difficult to operationalize. At the conceptual
level, it is the difference between the number of times a cultivated area is cropped in a year and the
number of times the area could have been potentially cropped, the latter being difficult to measure. This
requires resorting to certain assumptions considered reasonable within the limitations of the available
data. For measuring the inefficiency in the cropping intensity, irrigated areas are assumed to have a
potential for two crops and unirrigated areas have a potential for at least one crop. As such, the minimum
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potential number of times a unit area of land is croppable is equal to twice the net-irrigated area added to
the unirrigated area. The index of inefficiency can be defined as:

NSA + CAl- GCA
Inefficiency Index = (5)
NSA + CAl

Where:
NSA = Net Sown Area in each farm category;
CAIl = Cultivated Area Irrigated in each farm category; and
GCA = Gross Cropped Area in each farm category.

There is a possibility for a negative number in certain cases because the unirrigated area may be cropped

more than once and/or the irrigated areas may be cropped more than two times a year, thereby making
the GCA greater than the sum of the NSA and CAIL

15) Index of Inefficiency in Total Use of Land (IITLU)

Inefficiency in the total utilization of land rests on the concept of potential gross cropped area, which is
defined as the sum of unused land, unirrigated cropped area and twice the net irrigated area. Subtracting
the GCA from this resulting number, indicates the gross area lost due to the inefficiency in the cropping

intensity and the non-utilization of certain cultivable land. Thus, the index for measuring the inefficiency
in the total utilization of land is calculated as follows:

NSA + CAl + CWA - GCA
IITLU = (6)
NSA + CAI+ CWA

Where:
NSA = Net Sown Area in each farm category;
CAI = Cultivated Area Irrigated in each farm category;
CWA = Culturable Waste Area in each farm category; and
GCA = Gross Cropped Area in each farm category.

The next section deals with the specification of econometric models.

E. Specification of the Econometric Models

1) Trends in Cropping Intensity and Culturable Waste Area in the Sindh Province

There are two aspects to the problem of the under-utilization of lands as mentioned earlier, viz., the
proportion of cultivable area actually cultivated and how intensively the cultivated area is cropped in a
year. Assuming a multiplicative relationship and using the econometric criteria suggested by Fuss,
McFadden and Mundlak (1978) Madala (1988) and Ramaramunathan (1992), the following log-linear
models were found to be the best fit for testing the relationship between the farm size, proportion of
irrigation and their effects after the green revolution/SCARP on culturable waste areas and the cropping
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intensity. The dependent and independent variables, which are included in the models, are defined in the
following:

InCWA=Ina+In D92+ In Dgg + In D+ By In FAT + B:In FAT+ Bqln FATw + B4 In FATw+ e {7)

INCWA =1Ina+ iIn Dyt In Dy + In Do+ B In FAT + B;In FAT7+ B;In FATg + By In FATo+ Bs
In (CAIFAT) + Bs In (CAIFAT)7; + B; In (CAVFAT)go + Bs In (CAI/FAT)gp + €. (8)

InCl=Ina+In D72+ in Dsg + In Dygg+ B, InFAT + Bs1In FAT»»+ BiInFATw + B In FATow+e (9)

InCI =1na+ In Dyt In Dgo + In Dog+ B) In FAT + B, In FAT+ B;In FATyg + B4 In FATog+ Bs In

(CAVFAT) + Bs In (CAI/FAT)72 + B; In (CAI/FAT)go + Bs In (CAI/FAT)gq + €. (10)
Where:
CWA = Culturable Waste Arca in each farm category;
CI = Cropping Intensity in each farm category;
a = Constant term;
B = Estimated Coefficients;
D72.90 = Intercept Dummics for year 1972, 1980 and 1990, respectively;
FAT = Average size of holding per farm in each farm category;
FAT72 = 1972 dummy for average size of holding per farm on each farm category;
FATgq = 1980 dummy for average size of holding per farm on each farm category;
FATqg = 1990 dummy for average size of holding per farm on each farm category;

(CAI/FAT) = Proportion of irrigated area per farm on each farm category;
(CAVFAT); = 1972 dummy for proportion of irrigated area per farm on each farm category;
(CAI/FAT)g = 1980 dummy for proportion of irrigated area per farm on each farm category;

(CAVFAT)y = 1990 dummy for proportion of irrigated area per farm on each farm category;
e = Random error term.

According to Equation 7, if the proportion of culturable wasteland increases with the size of the holding,
the value of the beta coefficient (B;) would be greater than one, which means that as the farm size
increases the amount of culturable waste area (CWA) increased more than proportionately before the
-green revolution / SCARPS projects. In order to find how this relationship has been affected by the green
revolution/SCARPS / Drainage projects, the slope coefficients are summed up to see whether this
relationship is strengthened or weakened, depending upon the sum of (Bi+B;, B+B3, B, +B,) (whether
it is greater than Or less than B;, respectively). To see how the increase in the proportionate area under
irrigation affects the CWA, Equation 8 is estimated. A negative relationship between the increase in the
proportionate area under irmigation and the effect of irrigation on CWA was anticipated. The intercept
term will capture the impact of the technological development. Again, a negative relationship between
the technological development and the CWA was anticipated. The equations in Models 9 and 10 were
estimated to study the relationship between the cropping intensity (CI) and other variables such as the
farm size and the level of irrigation, before, during and after the green revolution/SCARP / Drainage
projects. The results are reported in the ensuing section. A negative relationship between the farm size
and the CI and a positive relationship between the proportionate area under irrigation and the CI was
expected. Also anticipated, 1s that technological development would lead to an increase in the Cl, and a
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positive sign for the intercept term was expected. The intercept dumniies provided the information about
the temporal changes in the impact of the technological development on the CWA and CI.

2) Econometric Production and Profit Function Modeling

Econometric modeling will provide the basis for cstimating the efficiency of resource allocation in the
Sindh Province at the canal command level. The input response will be analyzed through the
cconometric estimation of the production function. The use of the production function will provide
information needed in determining or specifying the usc of resources and the pattern of outputs, which
maximize farm profits. This study analyzes the relationship between crop productivity/profitability as it
relates to farm size, gross cropped area, cropping pattern, agronomic inputs (seed, fertilizer, manure,
irrigation, etc), salinity, groundwater quality and cultural practices, along with spatial and temporal
dummy variables.

3) Functional Form

Economic theory rarely provides precisc mathematical forms of economic relationships. There is a wide
varicty of equations to choose from to represent any economic function. In studying agricultural
relations, economists predominantly usc the linear, quadratic, and Cobb-Douglas forms. At least four
functional forms (linear, quadratic, semi-log, and log linear forms, and most probably some other
appropriate functional forms along with dummy variables) will be apphied and the results of the selected
equations will be discussed. The widely accepted procedure is to choose the function that best explains
the variation in the dependent variable. Equations having the highest R® and least residual sum of
squares are used to select the best fit [Maddala (1988), Koutsiyiannis, (1977)]. This study will analyze
the resource usc efficiency based on the vanables included in the model as defined below:

K‘j=f(SU, L,J., N,JFU, ]g, ,C,JO,)) (ll)

=  Total revenue from the major crops Rs/ha;
= Seed (Rs./ha);
=  Total cost of the land preparation per farm for major crops (Rs);
=  Expenses on organic and inorganic fertilizers (Rs./ha);
N = Amount of labor used for raising major crops per (man-days/ha);
= Total cost of insecticide/herbicide applied to the major crops per farm (Rs);
= Total cost of the trrigation (canal + tubewell) for major crops per farm (Rs./ ha) and;
0= Other expenses (Rs./ha}.
The subscript (i =1, 2 and 3) represents different soil type classifications, where 1 is for normal soils,
and 2 and 3 are for moderately suitable soils and saline sodic soils, respectively. Another subscript (j = 1,
2, 3, & 4) indicates the 4 major crops, i.c. rice, wheat, sugarcane and cotton. The results of these models
will be used in the dynamic modeling to determine the projected yield and the production in the Rohn
Canal command area.
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4) Econometric Criteria

Regarding the econometric criteria in sclecting the best equation among the wide varicly of compatible
functional forms, Fuss, McFadden and Mundlak (1978) have suggesled a fist of criteria to sclect a
functional form, which are described below:

a) Parsimony in Parameters

The functional form should contain only those parameters that arc neccessary for consistency with the
maintained hypotheses. An excess of parameters escalate the problem of multicollinearity, which tends

to be severe in many applications due to market substitution, which causcs prices, and hence, the
quantities, to be highly correlated.

b} Ease of Interpretation

Excessively complex or parameter-rich functional forms may contain implausible implications, which
are hidden from easy detection. Further complex transformations may make it laborious to computé and
assess the economic effects of interest (for example, elasticity of substitution). Therefore, it is better to

choose functional forms in which the parameters have an intrinsic and intuitive economtic interpretation,
and in which the functional structure is clear.

¢) Computational Ease

Historically, systematic multivariate empirical analysis has been confirmed to be lincar (parameters) in a
statistical mode! for computational reasons. Whilc the current computational technology makes a direct
estimation of non-linear forms feasible, lincar parameter systems have a computation cost advantage,
and have, in addition, the advantage of more fully developed statistical theory. The tradeoff between the

computational requirements of a functional form and the thoroughness of empirical analysis should be
welghed carefully in the choice of a modcl.

d) Interpolative Robustness

Within the range of the observed data, the chosen functional form should be well behaved, displaying
consistency with maintained hypotheses such as positive marginal products or convexity. If these

properties must be checked numerically, then the form should admit convenient computational
procedures for this purpose.



¢) Extrapolative Robustness

The functional form should be compatible with maintained hypothcses outside the range of observed
data. This is a particularly important criterion for forecasting applications.

In the light of the above five criteria, the most appropriate functional form will be sclected. The analysis
will permit an examination of the interregional resource use differences among different farm categories
in the scope of increasing production and cmployment in the agricultural sector in Sindh. At the level of
policy, this study will scek to contribute and intend to make a more accuratc assessment of the
investment priorities in the distribution of additional resources to different farm categories in different
districts, and will provide guidelines to achicve rapid growth in the agricultural sector in different
irigated regions of the Left and Right Banks of the Indus River in Sindh,

F. Net Benefits of Producing Major Crops in the Sindh Province

The cost of producing wheat, rice, sugarcane and cotton crops in each of the canal commands (already
mentioned) were estimated to evaluate the net benefits accruing from different crops in different canal
commands of the Lower Indus Basin in Sindh. To calculate the cost of the production of the major crops,
all of the variable costs incurred (i.e. cost of land preparation, cost of seed bed preparation, cost of seed,
irrigation cost, fertilizer cost, labor cost and other chemical and herbicide costs, excluding the land rent)
were added to calculate the total cost of production for each specific crop on each farm. To estimate the
Gross Income, the total farm crop production for the specific crop is measured in value terms. The crop
output i1s defined as the sum of the monctary valuc of the total specific crop produced on the farm during
the survey year. In this study, only the wheat, rice, sugarcanc and the cotton crops have been taken for

detailed investigation. Farmers were asked to give their best estimates about the production of the major
crops on their farms.

The gross return of each crop per farm consisted of the value of the crop output. To measure the total
farm crop output in value terms, per 40 kg of crop output reccived by the farmers at the farm gate was
used. The value of the by-product was also added to determine the gross income estimates. In order to
calculate the net benefits per farm from each of the crops, the total variable costs for each specific crop
were deducted from the gross revenue per farm for that specific crop. The net benefits per farm for each
of the major crops are calculated at the canal command level.
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III FARMING SYSTEM IN SINDH

The Sindh Province stretches over an area of about 14.09 Mha; However, its shifting and variable
rainfall patterns and incomplete land survey prevent a reliable classification and estimation of the current
land use. Out of this area, 3.08 Mha are classified as current fallow, 1.39 Mha as cultivable waste, (.68
Mha as forests, and 6.23 Mha as uncultivable land. These broad categories mask the extent of utilized
and under-utilized areas suitable for various crops. Nonetheless, about 5.78 Mha are officially estimated
as currently under cultivation (Govt. of Sindh 1995)%. The |mportant characteristics of different
attributes (of Sindh agricuiture) used in the current study are described in the forthcoming sections.

A Climate

The climate of the Sindh Province can simply be described as arid and hot; nowhere in this province
does the average rainfall exceed 260 mm, while mean maximum temperature generally exceeds 100°F.
December to February is cool; the hottest period is from March to June. The humidity is low and
increases as the sea breeze becomes dominant. The monsoon season is from July to mid—September The
high temperatures, low rainfall and low humidity that are general throughout the province provide a
natural constraint to agricultural development in the absence of irrigation, and their effect is enhanced in

the south-eastern part of the province by the high winds that blow for much of the year. In the irrigated
areas, the climate is suitable for a variety of crops.

B. Temporal Changes since 1960 and Current Status of Sindh Agriculture

1) Farms and Farm Area

Tables 4 and 5 show the number of farms and arca operated by different farm categories in the Sindh
Province at the district level during 1960 to 1990. They show that overall, the number of farms in the
Sindh Province increased by 10, 16 and 18 percent when compared to the number of farms during 1960.
In the case of the Left Bank area (LBA) the number of farms increased during 1972 and 1980 by 11 and
14 percent respectively, when compared to 1960 and decreased to about 3 percent in 1990 when
compared to the total farms on the Left Bank during 1980. In the case of the area on the Right Bank
(RBA) of the Indus River, the total number of farms increased by 7, 21 and 36 percent, respectively,
during 1972, 1980 and 1990 when compared to tota} number of farms on the RBA during 1960. Table 5
shows the total farm area in Sindh decreased by 11 percent from 1960 to 1990. These tables also show
that 26 percent of small farms occupied only 5 percent of the farm area in the 1960s when compared to
about 33 percent of the farms, which occupied 9 percent of the farm area in the Sindh during the1990s.
The mid-size farmers represented 61 percent and owned 56 percent of the land in the 1990s. The large
farms (10 ha and above) composed about 6 percent of the total farms, but possessed 35 percent of the
total land area in 1990 (Govt. of Sindh, 1995).

Govetnment of Sindh “Development Statistics of Sindh” Bureau of Statistics, Planning and Development
Department, P.O. Box No. 3879 Kehkashan Clifton, Govt. of Sindh, Karachi 6, Pakistan.
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Table 4. Total Farm Numbers and its Distribution in the Sindh Province (1960-90).

District Farm Number Percentage of Farms with respect to 1960
1960] 1972  1980] 1990 1960} 1972| 1980/ 1990
Badin 57005 62813
Hyderabad 86673 113284 65890 61874 100 131 76 71
Khairpur 49985 64449 63002 69430 100 129 126 139
Naushehro Feroze 32327
Nawabshah 74989 87154 83468 19153 100 116 111 26
Sanghar 52324 62612 50698 51152 100 120 108 o8
Sukkur 83880 107200 61989 67492 100 128 74 20}
Tharparkar 100086 64197 122424 124795 100 64 122 125
[LBA 447937 498896 510476 485036 100 111 114 109
Dadu 55625 60391 52704 63224 100 109 95 114
Jaccobabad 54341 70344 64341 81575 100 129 118 150}
Larkana 82229 72080 71129 88787 100 88 87 108
Shikarpur 0 0 36962 28832
Thatta 36340 42273 48668 48566 100 116 134 134
RBA 228535 245088 276804 310984 100 107 121 136
Sindh 676472 743984 787280 800020 100 110 116 118
Small 26 13 25 33 100 69 96 127}
Medium 62 73 68 6l 100 118 110 98
Large 12 9 7 6 100 75 58 50

Table 5. Total Farm Area and its Distribution in the Sindh Province (1960-90).

District Farm Area Total (Ha) Percentage of Farm Area with respect to 1960
1960 1972 1980 1990 1960 1972 1980 1990

Badin 0 0 355087 | 323808 0 0 0 0
Hyderabad 555548 790402 | 320199 | 302073 100 142 57 54
Khairpur 248554 268645 | 214781 | 180915 100 108 86 72
Naushehro Feroze 0 0 0 107049 0 0 0 0
Nawabshah 422968 441859 | 356499 | 123861 100 104 84 29
Sanghar 343220 355613 | 314343 | 334845 100 103 -9 97
Sukkur 324301 422525 | 221843 | 193503 100 130 68 59
Tharparkar 914595 381743 | 795841 | 820836 100 41 87 89
LBA 2809186 | 2660787 | 2578592 | 2084816 100 95 92 74
Dadu 291373 307160 | 236865 | 236172 100 105 81 81
Jaccobabad 286923 285103 | 258549 | 282584 100 99 90 98
Larkana 294486 | 268136 | 224159 ! 261337 100 91 76 88
Shikarpur 0 0 118282 | 76270 0 0 0 0
Thatta 212473 262324 | 244259 | 219416 100 123 114 103
RBA 1085255 | 1122723 | 1082113 | 1377851 100 103 100 127
Sindh 3894442 | 3783510 | 3660705 | 3462667 100 97 04 89
Small (%) 5 5 6 9 100 100 120 180
Medium(%) 53 63 60 56 100 119 113 106
Large(%) 42 32 34 35 100 76 81 B3
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2} Cultivated Area

The inter-temporal changes in the total cultivated area in the thirteen districts of Sindh are given in Table
6. The total cultivated area was reported to be 3.14 Mha in 1960, 3.2 Mha in 1972, 3.13 Mha in 1980
and 2.85 Mha dunng 1990. The proportion of cultivated arca in these districts reduced by 9 percent
during 1960-1990. On the LBA, the total cultivated area remained the same during 1972 when compared
to the 1960’s, but reduced by 16 percent during 1990 when compared to 1960. Cultivated areas in the
RBA increased by 6 and 8 percent during 1972 and 1990 respectively, when compared to the cultivated
area on the RBA during 1960. Table 6 shows that similar to the farm area, a higher proportion of
cultivated area represents the medium and large farms when compared to the small farms during all the
census years {(1960-90). The temporal comparison shows that the cultivated area on the small and
medium farms has increased by 43 and 3 percent, respectively, during the 1990s when compared to
1960, but on the large farms the cultivated area has decreased by 14 percent during 1960-90.

Table 6. Proportion of Cultivated to Total Farm Area and its Distribution in the Sindh Province
(1960-1990).

Districts Cultivated Area Percentage of cultivated area with respect to
1960
1960 1972 1980 1990 1960 1972 1980 1990
Badin 0 0 284926 | 235922 0 0 0 0
Hyderabad 462941 | 633071 | 273822 | 251600 100 137 59 54
Khairpur 204924 | 246401 | 201439 172884 100 120 98 84
Naushehro Feroze 0 0 0 90646 0 0 0 0
Nawabshah 356045 | 404527 | 329370 111138 100 114 93 31
Sanghar 289658 | 310402 | 263407 245756 100 167 91 85
Sukkur 278071 | 392831 | 202395 172477 100 141 3 62
. {Tharparkar 700919 | 314401 } 705886 655422 100 45 101 94
Left Bank 2292559 | 2301632 | 2261244 | 1935845 100 100 99 84
Dadu 222083 | 220548 | 168750 186632 100 99 76 84
Jaccobabad 222578 ¢ 275679 | 222215 257027 100 124 100 115
Larkana 256001 | 229679 | 202855 252623 100 90 79 99
Shikarpur 0 0 112964 74418 0 0 0 0
Thaita ' 155166 | 180406 | 164086 151942 100 116 106 98
Right Bank 855827 | 906313 | 871469 922642 100 106 102 108
Sindh 3148386 | 3207945 | 3132714 | 2858487 100 102 100 91
Small 7 5 7 10 100 71 100 143
Medium 58 70 635 60 100 121 112 103
Large 35 25 28 30 100 71 80 86

Percentage of Cultivated Area in each Farm Category

3) Tenure Classification of Farms

The total number of farms in 13 districts of Sindh were 0.64 million in 1960, 0.70 million in 1972,
0.78 million during 1980 and 0.75 million in 1990. The number of total farms increased from (.64

23



million in 1960 to 0.75 million in 1990. The ratio of small-owner farms in Sindh has increased from
29 percent in 1960 to 64 percent in 1990. Table 7 shows that the percentage of medium and large-
owner farms in Sindh have increased from 17 and 48 percent, respectively, in 1960 to 48 and 76
percent for medium and large farms, respectively, in 1990. The percentage of owner-cum-tenant
farms has remained the same to about 2 percent from 1960 to 1990, but the percentage of both
medium and Jarge owner-cum-tenant farms has increased from 9 and 21 percent, respectively, in
1960 to 13 and 16 percent in 1990. During 1960 about 69 percent of the small farms were categorized
as tenant farms; these farms decreased to 47 percent in 1972 and their ratio further decreased to 42
and 34 percent in 1980 and 1990, respectively. The participation of medium and large tenant farms

also decreased from 75 percent in 1960 to 43 percent in 1990, and the participation of large tenant
farms decreased from 32 percent to 8 percent during 1990.
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4) Land Use Intensity across Farm Size Groups

Table 8 shows that overall land use intensity in the Sindh Province was 76 percent in 1960, 85
percent in 1972, 87 percent in 1980 and 86 percent in 1990. This varied from 87 percent in 1960, 96
percent in 1972, 93 percent 1980 and 91 percent in 1990 (in farms of less than 2 ha). Medium farms
(2 ha to 10 ha) varied from 88 percent in 1960, 94 percent in 1972, 93 percent in 1980 and 91
percent in 1990. The land use intensity was reported to be 54 percent, 66 percent, 69 percent and 70
percent on large farms of 10 ha and above during 1960, 1972, 1980 and 1990, respectively. The
intensity of land use in Sindh was reported to be higher for tenant-operated farms (93 percent), which
decreased to 81 percent for owner-cum-tenant farms and 79 percent on owner-operated farms during
1990.

Table 8. Temporal Changes in the Land Use Intensity across Farms in the Sindh Province (1960 -

o0). :

Farm size (ha) 1960 1972 1980 1990
Under 0.5 . 82 95 97 96
05- 1.0 89 - 97 97 97
1.0- 2.0 91 97 97 96

Small 87 96 97 )

2.0- 3.0 9 97 97 95

3.0-.7.0 89 95 95 92
5.0-10.0 85 90 88 85

Medium 88 94 96 91

10.0-20 ' 76 79 81 79

20.0- 60 57 64 73 69

60.0 and Above _ 29 55 54 61

Large 54 66 69 70

Overall 76 85 87 36

Source: Agri. Census of T’akistan, 1960, 1972, 1980, and 1990,

5) Cropping Intensity across Farm Size Groups

Table 9 shows that the overall cropping intensity of the Sindh Province was 124 percent, 123
percent, 135 percent and 146 percent during 1960, 1972, 1980 and 1990, respectively. This varied
from 134 percent, 148 percent, 156 percent and 167 percent in farms of less than 2 ha during 1960,
1972, 1980 and 1990, respectively. In the case of the medium farms (2 ha to 10 ha), the cropping
intensity varied from 128 percent during 1960 and 1972 to 138 percent, and 148 percent during 1980
and 1990, respectively. In the farms of 10 ha and above, the cropping intensity was reported to be
111 percent, 94 percent, 111 percent and 127 percent during 1960, 1972, 1980 and 1990,
respectively. The intensity of cropping in Sindh during 1990 was almost the same (136 and 138
percent on owner-farms and owner-cum-tenant farms, respectively), but increased to 148 percent on
tenant-operated farms.
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Table 9. Cropping Intensity across Farms in the Sindh Province (1960 - 90).

Farm size 1960 1972 1980 1990
Under 0.5 ' 137 156 152 176
0.5- 1.0 135 143 159 166
1.0- 2.0 131 144 157 159

Small 134 ° 148 156 167
2.0- 3.0 133 141 155 159
3.0-.50 128 126 135 141
5.0-10.0 122 116 123 130

Medium 128 128 138 143

.10.0-20 115 104 114 126
20.0- 60 111 93 109 e 129
60.0 and Above 108 86 111 127

Large 111 94 111 127

Over All 124 123 135 146

Source: Agri. Census of Pakistan, 1960, 1972, 1980, and 1990.

In Sindh, the problem of land utilization has two aspects, viz., the level of utilization of cultivable
area, i.e., the proportion of cultivable area actually cultivated, and the intensity with which the
cultivated area is being utilized. The intensity of cultivation can be defined at least in two ways, the
number of times the cultivated area is cropped within a year and the level of application of the
current or complementary inputs, such as labor, fertilizer, manure, irrigation, etc. The level of
agricultural production depends primarily on how well the almost irrelaxable constraint (the land) is
utilized. In this context it becomes important to identify the economic factors responsible for the
under-utilization of land input. Since the orchards remain in the field durmg the Kharif and Rabi’

seasons, the orchard area was added to the gross cropped area reported in the census in order to

compute the real gross cropped area.

6) Adoption of Improved Seed across Farm Size Groups

Improved and healthy seed is a prerequisite for achieving increased crop yields. During the 1970s,
the Government of Sindh established a seed industry to produce certified seed. Since then, efforts
have been accelerated to streamline its distribution to ensure the timely availability of high-yielding
varieties (HYV) of major crops including wheat and cotton, and efforts were made to bring as much
area as possible under the improved seeds. During 1981-82 the percentage of area under HYV in
Sindh, when compared to the total area for wheat and cotton, was 68 percent and 70 percent,
respectively. This share increased to 95 percent and 94 percent, respectively, for the area under HYV
of wheat and cotton during 1994-95. The area under HY'V of wheat during 1971-72 was 83 and 16
percent on small and medium farms, respectively. Only 1 percent of the large farms planted the
HYV of wheat on their farms during 1971-72 (GoP 1972). According to the 1980 Census of
Agriculture, the percentage area of small, medium, and large farms under HYV of wheat was 9
percent, 70 percent and 21 percent, respectively (GoP, 1980).

3 Summer and winter seasons.
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7) Fertilizer Use across Farm Size Groups

Fertilizer is the single-most important input, and contributes substantially towards an increase in crop
yields. In Sindh, the introduction of fertilizer during the 1960s was a new experience. Table 4.6
shows that during 1960 only 4 percent of the farms in Sindh reported the use of fertilizers on their
farms. The farms reporting the use of fertilizer constituted only 1 percent on the RBA and about 6
percent on the LBA. This percentage increased to about 60 percent during 1972, and about 63 and 73
percent of the farms reported use of fertilizer on their crops during 1980 and 1990, respectively. A
higher percentage of farms (77 %) located on the RBA reported the use of fertilizer when compared
to the farms located on the LBA (70 %) during 1990. These farms used fertilizer on about 54 percent
of the area under crops in the Kharif season and on about 44 percent of the area under crops during
the Rabi season.

Table 10. Farms Reporting the Use of Fertilizer across Districts in the Sindh Province (1960-90).

Districts Total Number of Farms Farms Reporting use of Fertilizer Farms reporting fertilizer
(Percentage)
1960 | 1972 | 1980 ] 1990 | 1960 | 1972 | 1980 | 1950 | 1960 ] 1972 | 1980 | 1990
Badin 0 0 S7005  62BiS 0 0 38446 53205 674 B48
Hyderabad 80673 113251 65890 61874 4377 75407 44048 47929 5.1 70.1 669 775
Khairpur 49985 64449 63002 09429 5066 9893 48630 48218 | 10.1 154 772 694
Naushehro 0 0 0 32326 0 0 0 28652 : 88.6
Feroze .
Nawabshah 74989 87140 83468 19153 8255 57553 65819 14964 | 11.0 660 789 78.1
Sanghar 52324 62612 56698 51152 8473 35105 47216 47573 | 162 56.] 833 930
Sukkur 83880 107185 61989 (7489 275 52754 41842 58134 | 03 492 675  86.1
Tharparkar 100086 64183 122424 124795 1268 51222 45344 46954 1.3 798 370 376
LBA 447937 498826 510476 489033 | 27714 285034 331345 345689 | 6.2 573 649 707
Dadu 55625 60391 52704 63224 2058 35265 25856 40482 | 3.7 584 491 64.0
Jfaccobabad 54341 70337 64341 81574 0 39499 42795 72849 | 00 562 0665 893
Larkana 82229 72078 71129 88786 223 4654 57105 80787 03 0.5 803 910
Shikarpur 0 0 39962 28832 0 0 29340 20633 734 716
Thatta 36340 42271 48668 48567 21 78962 7434 26930 01 [868 153 555
[RBA 228535 245077 276804 310983 | 2302 158380 162530 241687 | 1.0 646 587 77
Sindh 676472 743903 787280 800016 | 30016 444314 493875 587376 | 4.44 50.73 6273 73.42|

The consumption of nitrogen, phosphate and potash fertilizer was 87.5, 8.1 and 0.3 thousand nutrient
tons, respectively, in 1971-72 and increased to 417.8, 94.6 and 8.1 thousand nutrient fons,
respectively, during 1995-96. The use of fertilizer remained limited to the irmigated areas and also for™
major crops. According to the 1972 Census of Agriculture, 17 percent of small, 75 percent of
medium, and 8 percent of large farms reported the use of fertilizer on their farms. According to the
1990 Census of Agriculture, the use of fertilizer on small farms increased to 34 percent, while it
decreased on medium and large farms to 60 percent and 5 percent, respectively. The reason for a
higher fertilizer use on small farms may be that small farms used a larger amount of manure (easily
available due to a higher livestock population) on their farms compared to medium and large farms.
Table 4.6 also show the district-wise use of fertilizer on the farms in 13 districts of Sindh (the
remainder of the districts were non-existent during the 1960s), and shows that during 1960 the
fertilizer was only used by the farms located in Hyderabad, Khairpur, Nawabshah, Sanghar and
Dadu. The percentage of farms reporting the use of fertilizer ranged up to 16 percent. During 1990
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all the farms reported the use of fertilizer on their farms, which ranged from 37 percent of the farms

reporting the use of fertilizer in Tharparkar District to 93 percent of the farms reporting the use of
fertilizer on their farms in district Sanghar.

8) Irrigation Use across Farm Size Groups

The Barrage Irigation System was introduced in Sindh in 1932 with the construction of the Sukkur
Barrage. Later on, the Kotri and the Guddu Barrages complcted the system’s present day form which
involves a complex network of 3 barrages, 14 canals on both the Left and the Right Bank of the
Indus River, distributaries and minors to harness the water to the farmers’ fields. Table 11 shows that
during 1959-60 the total canal-irrigated area was 2.94 million hectares; in the total canal-irrigated
area the share of small farmns was only 7 percent, while the share of medium and large farms was 64
percent and 29 percent, respectively. During 1989-90, canal-irrigated area decreased to 2.35 million
hectares, with the share of 12 percent, 60 percent, and 28 percent on small, medium and large farms,
respectively. In addition to this barrage system, about 0.02 million hectares were irrigated by the

supplemental irrigation provided by tubewells. The total area irrigated by tubewells increased to 0.44
million hectares during 1990.

Table 11. Total Cultivated Area Irrigated and its Distribution across Farm Categories in theSindh
Province (1960-90).

(Ha)
Farm size Irrigated Area Irrigated area as percentage of total
Cultivated Area

Ha 1960 1972 1980 1990 1960 1972 | 1980 | 1990
Under 0.5 1667 1204 8047 0838 91 98 95 Y
0.5- 1.0 28385 15186 31608 50928 91 97 93 97
1.0- 2.0 150679 37576 177614 | 226062 91 97 95 96
Small % 7 19 9 12 .
2.0- 3.0 221041 48939 329457 | 367432 90 95 93 93
3.0-.5.0 509060 99317 797576 | 588361 90 97 .90 85
5.0- 10.0 862037 63101 604807 | 456651 87 96 76 72
Medium % 64 74 69 60
10.0 - 20 486517 14132 272070 | 230210 73 94 60 67
20.0- 60 158415 4612 194227 | 218876 43 93 62 76
60.0 and| 73427 1004 110380 | 200676 70 97 | 80 90
Above
Large % 29 7 23 28
Total Sindh | 2491229 | 285072 | 2525786 [2349034 79 96 80 82

Source: Agricultural Census of Pakistan, 1960, 72, 80,90,
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over the years. Table 14 depicts that according to the 1960 Census of Agriculture, about 22 percent
of small farms, 67 percent of medium farms, and 11 percent of large farms were in debt. During

1990 this percentage was 27 percent, 65 percent, and 8 pereent for small, medium and large farms,
respectively.

11) Unutilized Land across Farm Size Groups

In Sindh agriculture, out of the canal-commanded area of 2.34 Mha, about 2.13 Mha was under
irrigation during 1989-90. The remaining over 22 percent of the total farm area were not cultivated
for raising crops. The analysis of the 1990 census shows that as the size of the holding increases, the
proportion of area unused also increases. Also shown is that out of the total uncultivated area, 10
percent are located on small farms, 51 percent on medium farms, and 39 percent on large farms.
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IV SPATIAL AND TEMPORAL VARJATIONS IN THE AREA AND PRODUCTIVITY OF MAJOR CROPS IN
THE SINDH PROVINCE

The area under different crops fluctuates with climatic factors, marketing situations, the
availability of irrigation water and inputs. If one crop shares more arca in one year, it may
increase or decrease the next year due to high prices. For example, the increasing demands from
sugar mills and high sugarcane prices may result in an increased in area under sugarcane, but a
lower response will mean a decrease. A similar situation also prevails in the case of cotton and
other crops. Some respondents said that they avoid growing the cotton crop due to price
uncertainties, pest attacks and weather threats, etc.

Most respondents informed that the yield of their crops has decreased due to more than one
reason. The most frequently told reasons were high watertable, and drainage problems. Other
factors of low yield they described were unavailability of inputs at the right time, financial
constraints and shortage of irrigation water, pest attacks, an increasing problem of salinity, and
climatic conditions. A few respondents said that their yields had increased due to better
management, favorable climate, more irrigation water and a lower watertable. The area,
production and yield of some important crops of Sindh are given here.

In terms of both, output and employment, the major agricultural crops on the Left and the Right
Banks of the Indus River in the Sindh Province are wheat, cotton, rice and sugarcane. The total
cultivated area, production and yield per hectare of wheat, cotton, rice and sugarcane in the Sindh
Province is reported in Figures 2-5. Out of the total for wheat, cotton, rice and sugarcane in Pakistan
(i.e. 16.9 million tons, 10.6 million bales, 1.96 MT and 45.23 MT, respectively), about 2.29 MT,
1.69 MT, 1.86 million bales and 13.74 MT, respectively, have been produced in the Sindh Province
during 1995-96 (ASP 1995-96). Figures 2, 3, 4, 5, 2(a), 3(a), 4(a) and 5(a) show the changes in the
productivity of these crops from 1947-48 to 1995-96.

1) District-wise Temporal Variation in the Area, Production and Productivity of Wheat in the
Sindh Province

Figure 2 shows that about 1.1 Mha of the wheat crop was sown in the Sindh Province during 1995-
96 and constituted about 13 percent of the total wheat acreage within Pakistan (8.4 Mha). The
changes in the wheat productivity over time, depicted in Figure 2 (a), shows that the wheat yield has
increased in Sindh from 0.72 tons/ha to 2.12 tons/ha from 1947-48 to 1995-96, respectively. The
district-wise spatial and temporal differences in the productivity of the wheat crop are depicted in
Figure 2(b), where two distinct trends can be observed. The first is an increasing trend in the
productivity in Khairpur, Jaccobabad, Dadu, Nawabshah, Sanghar, Larkana, Tharparkar and
Hyderabad Districts during the 1970s, which persisted until the mid-1980s. Secondly, in the case of
Districts Sukkur, Shikarpur, Thatta and Badin, the productivity of wheat demonstrated a declining
trend during the 1990s. The increase in productivity was the result of the new innovations
introduced through the green revolution, like chemical fertilizers and the distribution of high yielding
variety seeds. However, in recent years, the wheat output has been low; during 1995-96 the average
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Figure 2. Trends in Production of Wheat in the Sindh Province.
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Figure 2 (a). Trends in Yields of Wheat in the Sindh Province (1947-1996).
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Figure 2(b). District-wise Spatial and Temporal Variation in Yields of Wheat Crop in the Sindh
Province.
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Tharparkar
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Table 15. Regression Results Relating the Production of Wheat with Respect to the Temporal
and Spatial Changes in the Yield and Area of the Wheat Crop in the Sindh Province.

Districts Constant | Yield Area | Yield80 | AreaB0 | Yield90 | Area90 | Ad-R F-cal DF_l
Square Total

Badin -1.67 1.74 0.02 -1.04 0.03 -1.30 0.95 101.86 24
{2.35) (0.09 | (0.007) | (0.27) (0.01) (0.35)

Dadu -01.33 0.070 1.35 0.021 0.99 3583.32 24
(2.0% {.001) : (0.03) (0.008)

Hyderabad | -183.39 | 0.110 1.65 | -0.0016 0.99 | 1446.52 24
(7.91) (0.002) | (0.05) 1 (0.001)

Jaccobabad -48.18 0.050 0.92 -0.007 0.20 0.97 224.31 24
(4.99) (0.002) | (0.07) ) (0.003) [ (0.07)

Khairpur -156.18 0.097 1.63 0.003 0.99 3143.75 24
(4.66) (0.003) | (0.07) (0.001)

Larkana -79.05 0.057 1.36 -0.005 0.15 0.99 870.08 24
(3.67) (0.001) | {0.04) {0.003) | (0.07)

Mirpurkhas -0.06 0.08 0.65 0.99 5029.11 24
(0.8%) (0.01) (0.25)

Nawabshah | -309.19 0.193 1.60 0.077 0.99 5747.33 24
(7.70) (0.004) | (0.07) (0.014)

Sanghar -233.57 0.095 2.34 0.060 -0.86 0.99 5393.29 24
(5.19 (0.007) | {0.11) | (0.008) | (0.12) '

Shikarpur -0.274 0.033 | -1.23 -0.019 1.67 0.97 0.98 272.38 24
(0.65) {0.005) | (0.39) 1 (0.005) | (0.40) (0.18)

Sukkur -155.57 0.097 1.64 -0.59 0.04 0.99 2811.78 | "24
(4.98) {0.004) | (0.06) (0.13) (0.01)

Tharparkar -7.50 0.041 1.11 0.028 0.02 0.97 250.33 24
(8.95) | (0.013) | (0.18) | (0.005) (0.01)

Thatta -9.65 0.009 0.95 -0.005 0.98 -0.002 0.33 0.98 278.74 24
(1.16) (0.001) | (0.03) | (0.001Y | (0.35) | (0.001) | (O.11)

yield on the farmers’ fields in the Sindh Province was recorded as 2.11 tons/ha when compared to
5.02 tons/ha reported on the experimental stations. Based on the IIMI farm survey, a majority of the
farmers cited the high water table scarcity of irrigation water as the main reason behind low wheat
yields. About 44 percent of the farms (mostly located in the canal command areas of Began, Desert,
Fuleli, Ghotki, Khairpur East, Khairpur West, Pinyari and Rice Canals) regarded the high watertable
to be the contributor towards the lower yiclds of wheat. About 23 percent of the farms regarded the
scarcity of irrigation water to be the reason for the low productton of wheat.

The regression results pertaining to the trends in wheat production with respect to the area and
productivity of the wheat crop at the district level in the Sindh Province are given in Table 15. After
trying different functional relationships, the linear equation, in all of the cases, provided the best fit.
All of the regression equations were statistically significant at the 99 percent level of confidence.
The overall explanatory power (as shown by the adjusted R?) was very high and all of the regression
equations showed the expected signs as well as the magnitude of the estimated variables. For the
Hyderabad, Jaccobabad, Shikarpur, Larkana and Thatta Districts, the increase in the wheat area is
not accompanied by a consistent increase in productivity that initially increased during 1970, and
thereafler, decreased between 1980 and 1990. In case of the Badin, Sanghar and the Sukkur Districts,
the trend in the area under wheat shows a decline duning the period 1980-90, and afterwards, the
coefficient for the area under wheat (Area 91-95) increases. For the Larkana, Mirpurkhas,
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Nawabshah, Shikarpur and Thatta Districts, the coefficients for the area under wheat consistently
show an increasing trend during the 1990s.

The coefficients for the overall trend in the wheat yield showed an increase during the 1980s in all of
the districts, except Hyderabad, Jaccobabad, Shikarpur and Thatta. For the Badin District, the
coefficients for the wheat yields also depict a decline in productivity during the 1990s due to the
drainage problem, high watertable and the scarcity of irrigation water at the tail end. The farmers’

perceptions about the reasons for the low productivity on their farms in the Sindh Province are being
discussed in the next section of this volume.

2) District-wise Temporal Variation in the Area, Production and Productivity of Cotton in the
Sindh Province

Cotton cultivation is comparatively more intense on the Left Bank of the Indus River in the Sindh
Province. The area increased from an average of 0.34 Mha during the 1940s to an average of 0.67
Mha during the 1980s (Figure 3). This increase in the area was the result of increased canal water
supplies during the 1980s. The other major factors responsible for the increase were the
remunerative and stable price policics of the government. This increasing trend in the area was
interrupted after 1988-89 when the virus attack ruined the cotton crop on a majority of the farms.
Figure 3(a) shows the impact of this adversity across each successive year beyond 1988-89.

Regarding the cotton crop production, the stagnation also continues until 1991-92 is replaced by an
increasing trend, contributed in part by the variety of improvements and more resolute pest scouting.
The record level of production (1.86 million bales) in the Sindh Province was attained during 1995-
96, after about six years of the virus attack. The temporal comparison of the cotton yield across
districts in Sindh appears in Figure 3(b), whereby the districts of Khairpur, Sukkur and Nawabshah
show an increasing trend in cotton productivity over time during 1947-48 to 1994-95. The inter-
district variations in the cotton yields are depicted in Figure 3(b), wherein the yield varied every
alternate year in almost all of the 13 districts of Sindh under study.

The district-level regression results relating to the cotton production with the area and yield are
depicted in Table 16. All of the regression equations were statistically significant at the 99 percent
leve! of confidence and have a very high explanatory power (adjusted-R? ranges from 0.77 to 0.99).
The results in Table 16 show that the yield coefficient for the 1970s in the districts of Badin,
Hyderabad, Jaccobabad, Khairpur, Larkana, Nawabshah, Sanghar, Sukkur, Tharparkar and Thatta
are positive; however, it becomes ncgative in the districts of Badin, Jaccobabad and Nawabshah
during the 1980s. This rate of decrease further intensificd in the districts of Badin, Hyderabad,
Shikarpur and Tharparkar during the 1990s.
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Figure 3 Trends in Area and Production in Cotton in the Sindh Province
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Figure 3(A). Trends in Yields of Cotton in the Sindh Province (1947-1 9906).
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Figure 3(B). District-wise Spatial and Temporal Changes in Yields of Cotton in the Sindh Province.
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The coefficients for the area under the cotton crop among all of the 13 districts of Sindh showed an
increasing trend during the 1970s, which was significant at the 99 percent level of confidence. A
declining trend in the cotton crop was observed for the districts of Dadu, Khairpur, Sanghar and
Sukkur. For the Dadu and Sukkur Districts, the coefficient for the area was significant during the
1980s and showed a further declining trend during the 1990s, with respect to area under cotton crop
in the districts of Dadu and Shikarpur.

Table 16. Regression Results Relating the Production of Cotton with Respect to the Temporal and
Spatial Changes in the Yield and Area of the Cotton Crop in the Sindh Province.

Constant | Yield | Area | Yicld80 | Area80 | Yield90 | Area00 Ad-R F-cale DF
. Square Total

Badin -3.04 148 -0.01 0.82 -0.12 0.92 72.28 24
(1.65) {0.01) (0.02) (0.32) (0.01)

Dadu -1.67 1.74 0.02 -1.04 0.03 -1.30 0.96 101.86 24
(2.35) (0.09) | (0.01) 0.27) (0.01) (0.35)

Hyderabad -146.27 0.45 1.93 -0.11 0.59 0.99 792.81 24
(7.92) (0.01) | (0.10) . (0.02) (0.13)

Jaccobabad =70 0.004 1.18 -0.001 0.94 138.40 24
(0.14) (0.001) | (0.07) | (0.00) :

Khairpur -111.71 0.30 2.23 0.038 -0.29 0.98 .| 424.61 24
(6.07) (0.01) | (0.12) | (0.02) (0.13)

Larkana -0.04 0.00 0.92 0.77 40.59 24
(0.03) (C.00) | (0.18)

Mirpur -0.27 0.15 1.48 0.98 765.00 24

Khas (1.34) (0.04) (0.29)

Nawabshah | -197.25 0.56 211 -0.09 0.44 0.99 046,17 24
(8.88) (0.04) | (009 | (0.04) 0.17

Sanghar -261.59 0.61 2.54 0.18 -0.54 0.99 680.96 24
{14.40) (0.02) {(0.12) { (0.0D) (0.19)

Shikarpur -0.00 2.00 -0.001 -0.36 1 26094, 24
{0.00) (6.01) (0.000) | (0.1D) 22

Sukkur -115.84 0.32 2.16 0.12 -0.49 0.20 0.69 0.98 234.79 24
(15.77) (0.04) | (0.15) | (0.09) (0.21) (0.07) (0.30)

Tharparkar -12,13 0.63 ‘ -0.19 0.94 191.09 24
(11.58) (0.03) {0.04)

Thatta -0.61 0.003 1.18 : 0.92 139.49 24
(0.11) (0.001) | (0.09)

3) District-wise Temporal Variation in the Area, Production and Productivity of Rice in the
Sindh Province

On the Right Bank of the Indus River in the Sindh Province, the farmers grow the coarse variety of
rice (IRRI-6) in the canal commands of Northwest, Rice and the Desert Canals. The trends in the
total area, production and yield under the rice crop from 1947-48 to 1995-96 have been shown in
Figures 4 (a)-(c). The total area under paddy in the Sindh Province was about 0.642 Mha, which was
about 29.71 percent of the paddy area in Pakistan (2.161 Mha). About 1.697 MT of rice has been
produced from the Sindh area during 1995-96. The average yield was about 2.64 tons per hectare,

From Figure 4(c), the paddy production in all of the districts except Sanghar, Hyderabad, Badin and
Thatta increased during the mid-1970s. The main reason for this increase was the introduction of the
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high-yielding coarse variety IRRI-6. Part of this boost in the per-unit yield was the result of
additional irrigation supplies from the Rice Canal and the provision of the subsidized fertilizer and
insecticides on the farms during the Green Revolution period. The yield decline beyond the mid-
1980s in all of the districts of the Sindh Province was partly due to the reduction of the subsidy on

fertilizer as well as insecticides. The districts of Shikarpur, Jaccobabad, Larkana and Dadu are
exceptions.

The summary of the regression results, relating the rice production with the area and yield over time,
has been given in Table 17. The estimated equations are found statistically significant at the 99
percent level of confidence. The examination of estimated coefficients for yield in the equation for
districts in the Sindh Province showed that the per unit paddy yield depicted an increasing trend from
the 1970s to 1990s, except for the Badin, Dadu, Jaccobabad and Tharparkar Districts. The
coefficients for the yield during the 1980s and 1990s for the remaining districts are statistically
significant and showed the positive sign.

The estimated coefficients for the area in all of the 13 districts have positive coefficients that are
statistically significant at the 99 percent level of confidence, showing that during the 1970s the area
had a positive relationship with the production of rice in the Sindh Province. During the 1980s the
coefficients for area in the districts of Badin, Nawabshah and Shikarpur showed a declining trend in
the area under the cultivation of rice. The Districts of Badin, Larkana, Nawabshah, Sanghar and
Shikarpur showed a negative trend during the 1990s,
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Figure 4. Trends in Area and Production of Rice in the Sindh Province.
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Figure 4 (A). Trends in Yields of Rice in the Sindh Province.
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Figure 4(B). District-wise Spatial and ‘I'emporal Changes in Yields of Rice in the Sindh Province.
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Table. 17. Regression Results Relating the Production of Rice with Respect to the Temporal and
Spatial Changes in the Yield and Area of the Rice Crop in the Sindh Provmce

Constant | Yield | Area | Yield80 | Area80 | Yield90 | Area%0 | AdR F. calc DF
Square Total

Badin -2.10 0.12 -0.29 -0.04 097 281.11 24
(5.23) ] (0.004) (0.07) {0.01)

Dadu -112.35 0.06 1.77 -0.007 0.24 -0.006 0.19 0.99 1163.93 | .24
(2.92) | (0.002) ; (0.04) | (0.002) | (0.05) | (0.002) | (0.07)

Hyderabad -35.65 0.02 1.67 0.99 1889.73 24
(4.50) | (0.003) | (0.03)

Jaccobabad | -324.13 0.17 1.96 -0.02 0.24 -0.04 0.70 0.99 751.97 24
(11.96) | (0.01) | (0.12) | (0.0F) | (O.11) (0.01) (0.15)

Khairpur -5.77 0.003 1.57 0.14 0.98 402.72 24
(0.88) | (0.001) | (0.00) {0.05)

Larkana -408.05 0.14 2.92 0.06 -0.93 0.99 | 2606.49 24
(14.33) | (0.01) | (0.20) (0.02) | (0.31)

Mirpur -0.04 ' 0.002 0.59 0.94 196.35 24

Khas (0.10) (0.001) | (0.27)

Nawabshah -9.17 0.005 1.61 -0.23 0.004 -0.67 0.96 148.71 24
(1.12) 1 (0.001) | (0.09) {0.00) | (0.002) | (0.25)

Sanghar -5.86 0.003 1.51 0.001 -0.27 0.98 316.71 24
(0.50) | (0.000) | (0.05) (0.000) | (0.12) '

Shikarpur -1.57 2.05 0.07 -1.55 0.14 -3.41 0.98 430.35 24
(4.01) (0.11) | (0.01) 1 (0.36) | (0.04) (1.14)

Sukkur I.11 1.66 099 | 10308.5 24
(0.9D {0.02) 8

Tharparkar -1.75 0.001 1.54 -0.003 0.95 255.08 24
(0.89) | (0.001) | (0.08) | (0.002)

Thatta -83.24 0.08 1.12 -0.02 0.43 0.99 768.42 24
(4.97) | (0.004) | {0.08) {0.006) | {0.13)

4) District-wise Temporal Variation in the Area, Production and Productivity of Sugarcane in
the Sindh Province

Sugarcane is grown in almost all districts of Sindh on the Left Bank of the Indus River, but its
area or acreage varies from district to district. For example, it is grown most abundantly in
District Badin and on a large scale in Districts Hyderabad, Nawabshah, Mirpurkhas and
Naushehro Feroze. The average yield of sugarcane, as communicated by the respondents, is about
69 tons/ha. The yield depends upon soil, irrigation, diseases, climate, etc. The area of sugarcane
also fluctuates because of a marketing problem and prices. The acreage under the sugarcane crop

in the Sindh Province has expanded from 0.007 Mha during 1947-48 to about 0.254 Mha during
1995-96 [(Figure 5(a)]
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Figure 5. District-wise Temporal Changes in Area and Production of Sugarcane in the Sindh

Province.
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Figure 5(B). District-wise Spatial and Temporal Changes in Yields of Sugarcane in the Sindh
Province.
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Table 18. Regression Results Relating the Production of Sugarcane with Respect to the Temporal
and Spatial Changes in the Yield and Area of the Sugarcane Crop in the Sindh

Province.
Constant | Yield Area | Yield80 | AreaB0 | Yield90 | Area90 | AdR Fcalc DF
Square Total
Badin -91.13 0.04 12.98 22.54 0.97 259.28 24
(83.92) | (0.003) (3.15) (3.41)
Dadu -83.62 0.002 | 33.27 | 0.0005 (.0004 0.97 251.66 24
(18.31) | (0.000) | (2.31) | (0.000) (0.000)
Hyderabad | -1495.26 0.04 3459 | -0.017 2292 0.01 0.99 1932.74 24
(175.84) | (0.004) | (1.99) | (0.003) | (4.19) | (0.002)
Jaccobabad -0.35 0.0002 | 11.43 | -0.0002 | 16.71 | -0.0002 0.96 124.08 24
(0.57) (0.000) | (1.43) { (0.000) | (3.06) | (0.000)
Khairpur -264.31 0.007 | 37.02 0.006 -18.47 0.99 267759 24
(20.52) | (0.001) | (0.51) | (0.001) (2.30)
Larkana -40.74 0.001 | 28.08 2.30 0.98 597.35 24
(4.07) (0.000) | {0.71) {0.79)
Mirpur -0.04 ‘ 57.65 1.00 132756. 24
Khas (1.3%) (0.16) 5
Nawabshah | -1159.31 | 0.029 | 40.66 | -0.0001 13.89 0.01 -8.15 0.99 1707.55 24
{116.79) | (0.003) | {(2.99) | (0.004) { (5.50) | (0.003) | (3.74) .
Sanghar -300.22 0.007 | 43.80 0.004 -16.51 0.99 215440 24
(15.50) | (0.000) | (1.20) (0.001) | (3.7%)
Shikarpur -0.55 0.0005 -0.0004 | 27.28 | -0.0001 0.95 135.41 24
0.77) (0.000) (0.0001) | (2.16) | (0.000)
Sukkur -236.95 0.01 15.55 | -0.003 21.38 0.002 0.99 485.74 24
{21.91) | (0.000) | (6.95) | (0.001) | (7.94) | (0.00])
Tharparkar -25.14 -0.006 | 67.94 0.035 -78.14 0.98 407.39 24
(25.81) ; (0.001) | (3.51) {0.007) | {15.43)
Thatta -141.14 0.003 | 40.74 0.04 -94 .39 098 548.13 24
(53.63) | (0.002) | (1.79) ‘ (0.01y | (30.45)

The yield of sugarcane has increased more profoundly than any other crop in Sindh. Its yield was
34 tons in 1974-75, and has increased more or less continuously since 1975. The average yield in
1994-95 was 57.3 tons per ha. This increase in the yield could be due to good climatic conditions,
better management, high yielding varieties and more input. Since fertilizer consumption has also
increased considerably, so this may have a positive effect on its yield. Figure 5(b) shows the
production of the sugarcane crop in the 13 districts of the Sindh Province. -

From Table 18 all of the regression equations, depicting trends in the sugarcane production with
respect to the area and productivity, are statistically significant at the 99 percent level of confidence.
The overall explanatory power is very high (the adjusted R? ranges from 0.95-0.99). For all the
districts of the Sindh Province that grow sugarcane, the results show an increasing trend in the
sugarcane area that is offset by a declining trend in the area during the 1990s in the District of
Khairpur. Regarding the productivity of sugarcane, except for Districts Hyderabad, Jaccobabad,
Shikarpur and Sukkur, all the cocfficients for the yield during the 1980s are positive and statistically
significant at the 99 percent level of confidence. The coefficients show that the sugarcane yield
further declines during the 1990s in the Districts of Jaccobabad and Shikarpur.
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V CURRENT STATUS OF INPUT USE IN THE SINDH PROVINCE

1) Irrigation Water

Water is of vital importance in agricultural production. In most parts of the Sindh Province,
groundwater contains high salt concentrations. The main source of irrigation for agriculture is
canals. In 1975-76, out of the total of 3.18 million hectares of irrigated agricultural land, 2.66
million hectares were irrigated with canal water, This is 83.6 percent of all the sources. Also, 0.06
million hectares were irrigated with canal water. These figures show the importance of canal water
in agricultural production. According to data of 1994-95 (Agriculture Statistics of Pakistan 1995-
96) about 94.7 percent of agricultural area was irrigated by surface water, and the remainder with
groundwater.

Table 19 reveals that about 87 percent of the farms in the study area prefer to use canal water as.a
source of irrigation. Only 0.8 percent of farms depend upon tubewell water and about 12 percent of
farms supplement the canal water supply with tubewell water.

Table 19: Source of Irrigation Water on Farms in different Canal Commands of the Sindh.
Provine (1997-98).

Canal Source of irrigation water
Commands
Farms using canal| Farmsusing | Farms using canal | Total Total
water tubewell water | & tubewell water Number
Number % |Numbe % Number % % of farms
r

Begari 124 75 42 25 100 166
Dadu 27 87 4 13 100 31
Desert 39 64 22 36 100 61
Fuleli 74 100 100 74
Ghotki 127 68 5 3 54 29 100 186
Jamrao 127 99 1 1 100 128
Khairpur East 76 96 3 4 100 79
Khatrpur 56 86 5 8 4 6 100 65
West

Lined 56 100 100 56
Channel

Nara 105 100 100 105
INorth West 186 96 7 4 100 193
Pinyari 25 100 100 25
Rice Canal 98 95 5 5 100 103
Rohri 218 82 2 1 47 18 100 267
Sindh 1338 87 12 1 189 12 100 1539

The survey revealed that farmers in Sindh depend mostly on the canal water supply due to three
reasons. They perceived that (i) canal water is of better quality than available groundwater, (ii)
canal water moves due to the gravitational force and the farmers do not have to pump it out, (iii)
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groundwater is more expensive than surface water.

With respect to the spatial distribution of farms, Table 19 shows that about 25 percent in the Begari,
13 percent in Dadu, 36 percent in Desert, 29 percent in Ghotki and about 18 percent in the Rohri
Canal commands use canal and tubewell water. In the Khairpur West, Khairpur East, Rice, Dadu
and Desert Canal commands, this percentage of farms ranges between 1 to 13 percent. This
conjunctive use of water is because these canal commands have some areas of groundwater that are
less saline. According to WAPDA, the culturable command areas of the Nara, Lined Channel,
Fuleli and Pinyari Canals have totally saline groundwater. Therefore, none of the respondents in
these canal commands irrigate their fields with tubewell water, except in the Khairpur East Canal
command where only three farmers were irrigating with tubewell water mixed with the canal water.

The farm survey in Sindh, where a considerable area is waterlogged and has a drainage problem,
revealed that farmers still demand more water for irrigation. During the irrigation of their crops
they do not take crop water requirements and the presence of moisture in the soil into account.
They irrigate because they think it is good to irrigate. A common notion in the area of shallow
groundwater 1s that heavy irrigation restricts groundwater from approaching the surface. In this
way, the farmers try to reduce salinity but aggravate waterlogging and drainage problems.

Table 20: Farmers’ Responses about the Adequacy of Canal Water Supplies in the Sindh
Province (1997-98)

Response about canal water supply Farms reporting

Number Percent
Farmers reporting shortage of water 942 61.2
Farmers reporting sufficient water 597 38.8
Total 1539 100.0

Table 20 shows that about 39 percent of farmers are satisfied with the current water supply. Also,
about 61 percent of the sample farmers reported shortages of irrigation supplies on their farms
with the current water supply. Among other reasons, the most common was that they receive less
water than allocated. The time allocated per unit of area is less than the time required for filling it.
The survey results revealed that almost 58 percent of the farmers do not know the exact time
allocated for imigation. They irrigate their fields whenever they need. They do not apply the
warabandi system followed in the Punjab Province. All of the farmers open their nakas
simultaneously to irrigate their fields. Most of the times, tail-enders are the main sufferers. The
second reason for the lack of knowledge about the time allocated is that some large farmers have
thelr own watercourses to irrigate their ficlds. All the time of that watercourse is allocated to one
farm. The tenants of the same landlord get water from the same watercourse devoid of proportion

and time, and they were unable to give any estimates about the time allocation for their turn of
water.
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Table 21. Farmers’ Responses about the Time Allocated per Unit of Area in the Sindh Province

(1997-98).
Time allocated to . Banks of the Indus River Table Total

irrigate one hectare Right Bank Left Bank

Number % Number % Number %
Unknown 509 91.9 392 39.8 901 585
37 Minutes 29 5.2 239 243 268 17.4
38-75 Minutes 6 1.1 213 21.6 219 14.2 .
76-112 Minutes 1 0.2 56 5.7 57 3.7
113-150 Minutes 2 0.4 46 4.7 48 3.1
Above 150 Minutes 7 1.3 39 4.0 46 3.0
All Farms 554 100.0 985 100.0 1539 100.0

From Table 22 it is evident that this practice is more common on the Right Bank of the Indus
River, especially in the Begari, Dadu and Rice Canals. Farmers reported having enough water in
the Kharif and Rabi seasons. They use the same moisture for wheat and sarsoon because soils in
these regions are fine-textured and can retain moisture for comparatively longer periods. The
excess soil moisture (at the harvest of the rice crop) is also reported to be a problem for wheat-
sowing as soils do not come to the field capacity level for wheat-sowing, and usually delays the
wheat-sowing on the Right Bank of the Indus River. As far as the time required to fill one hectare
is concerned, about 64 percent of the farmers fill one hectare in less than two-and-a-half hours.

Table 22. Farmers’ Responses about the Time Required to Irrigate One Hectare of Land in the
Sindh Province (1997-98).

. . fil Banks of the Indus River Total
Time req;“fd to fili Right Bank Teft Bank
one fhiectare Number % Number % Number %

No Response 52 9.4 37 3.8 89 5.8

37 Minutes 5 0.9 5 0.5 10 0.6
38-75 Minutes 33 6.0 69 7.0 102 6.6
76-112 Minutes 6 1.1 38 39 44 2.9
113-150 Minutes 92 16.6 219 22.2 311 20.2
Above 150 Minutes 366 606.1 617 62.6 983 63.9
All Farms 554 100.0 | 985 100.0 1539 100.0

Whatever the time allocated to fill one hectare, the time required to fill one hectare might not be
the same. This time depends upon the discharge of the watercourse and its physical conditions.
Farms at the head and middle reaches use water in excess, but at the tail end farmers suffer from
water shortages. The third reason for the shortage of water on the farms in the Sindh Province
was that farm elevations were higher than the watercourses. In such areas, farmers reported that
they were required to pump water from the watercourse to fields. Some farmers on the Left Bank
use diesel/ electric pumps to lift water, but on Right Bank, farmers block the watercourse at their
fields to raise the surface of the water and then lead water to their fields.
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Table 23. Farms using Lift Pumps to Irrigate their Fields in the Sindh Province (1997-98).

Lift machine to . Banks of the Indus River Table Total
irrigate fields Right Bank Left Bank

Number % Number % Number %
Lift not Used 538 97.1 884 89.7 1422 92.4
Lift Used 16 2.9 101 10.3 117 7.6
All Farms 554 100.0 085 100.0 1539 100.0

Table 23 shows that out of the total sample, about 7.6 percent of farms reported using lift pumps
to irrigate their fields, out of which 16 farms are located on the Right Bank of the Indus River and
about 117 farms on the Left Bank. Lifting irrigation water increases the cost of irrigation and
reduces the profitability of crops. So, in those regions where water has to be lifted, farmers avoid
high delta crops. The reasons for the low water supply are also depicted in Table 24.

Table 24. Reasons for the Shortage of Water in the Sindh Province (1997-98). |

Reasons for the shortage of water Number of farms Percentage
Unknown 70 74
Small Size of Mogha 85 9.0
Conveyance Losses 93 9.9
Breaches . 179 19.0
Low Discharge 352 374
Tail Reaches 107 11.4
High Elevation of Field 12 1.3
Others 44 4.7
Total 242 100

About 37 percent of the farmers stated that the problem of water shortage is due to the lower
discharge in the distributary. The major reason for not using groundwater is its quality. As stated
carlier, out of about 5,098 thousand hectares of culturable command area, only 475.91 thousand
hectares has usable groundwater and the remaining area (2,696.92 thousand hectares) is a saline
zone. In saline zones, farmers do not install tubewells for irrigation. Even in the fresh water zone
they do not use tubewell water up to its potential. Only a small number of farmers reported
having tubewells installed on their farms. Small farmers reported that they were unable to afford
the high cost for tubewell installation and large farmers reported not having the problem of
irrigation water scarcity. The medium-sized farmers were of the opinion that the government is
responsible for installing tubewells for farmers.

2) Farmers’ Perceptions about Groundwater Quality

As far as the quality of the groundwater is concerned, the results of this study are based on the
data collected from the farms during the survey. Acquiring data about the groundwater quality
was difficult because farmers in the saline zone have never irrigated their fields with
groundwater, and in the fresh zonc farmers determine the water quality to about 30 to 50 feet as
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they have made bores for their hand pumps at this depth. However, some farmers explained that
the groundwater quality is good because they had tubewells for vertical drainage in their vicinity.

Table 25. Farmers® Perceptions of the Groundwater Quality in the Sindh Province (1997-98).

Canal Groundwater Quality Total
Command Good Marginal Brackish
Number | % | Number % Number | % | Number %
Begari 104 62.7 5 3.0 57 343 166 100
Dadu 23 74.2 8 25.8 31 100
Desert 38 62.3 2 33 21 344 6l 100
Fuleli 8 10.8 4 5.4 62 83.8 74 100
Ghotki 151 Bi.2 3 1.6 32 17.2 186 100
Jamrao 10 7.8 8 6.3 110 859 128 100
Khairpur 39 49.4 3 338 37 46.8 79 100
(E)
Khairpur 55 84.6 10 15.4 65 100
(W)
Lined 11 19.6 8 14.3 37 60.1 56 100
Channel
Nara 12 1.4 7 6.7 86 819 105 100
Narth West 57 29.5 9 4.7 127 065.8 193 1o
r Pinyari 5 20.0 ) 24.0 14 56.0 25 100
Rice Canal 64 62.1 2 1.9 37 359 103 100
Rohri 137 51.3 21 7.9 109 40.8 207 100
Sindh 714 46.4 78 5.1 747 48.5 1539 100

Table 25 shows that the farm respondents stated the highest percentage of brackish water in the
Fuleli, Nara, Jamrao, and the Lined Channel Canals. The highest percentage of good quality
groundwater in the Khairpur-West and Ghotki Canals indicate the presence of a fresh
groundwater zone in these canal commands. In the Rohri Canal, about 50 percent of the
respondents reported the occurrence of sweet water on the sample farms. One reason for the

preference of surface water is that the groundwater is more expensive than surface water.

Groundwater has a dual effect on the profitability of crops. First, it increases the cost of the

production of crops by increasing the cost on irrigation, and secondly, it reduces the yield of

crops by increasing the salt deposition in the field (if groundwater is of bad quality). That is why
farmers avoid groundwater. Table 26 depicts the comparison of costs of irrigation canal water and

tubewell water used on the sample farms in canal commands of the Sindh Province.
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unable to absorb excess moisture. Farmers do not manage excess moisture and do not have on
farm drainage system. Therefore, a heavy rainfall may create this problem. Farms that have lower
clevations than other farms reported the drainage problem more acutely due to their topographic
conditions. Water from other farms, or their own farm is collected on these fields, which

oftentimes, is reported to destroy the crops planted in these fields. Over-irrigation was commonly
practiced, but farmers did not think this contributed to their problem.

Table 31. Farmers’ Perceptions about Reasons for Drainage Problems in Different Canal
Commands of the Sindh Province (1997-98).

Reasons (percentage distribution of farms reporting a drainage problem)

Canal . . rarms . [Total
Commands Unknown wf:; rtable |R3infall |Topography g:;;:ition (S_:?): dition [N Drains|Others llsfopl;:::: Farms
Begari 80 3 3 1 13 148 166
Dadu 46 19 4 3] 26 31
Desert 84 6 10 50 61
Fuleli 8 75 4 2 2 10 51 74
Ghotki 45 6 I8 1 30 152 186
Jamrac 5 34 5 8 1 1 42 4 83 128
Khairpur East 54 13 3 54 79
Khairpur West ' 53 2 G 2 36 2 53 G5
Lined Channel 4 k] 2 40 18 45 56
Nara 14 5 24 56 2 59 105
North West 2 49 7 15 ] k! 23 146 193
Pinyari BO 15 5 20 25
Rice 2 16 7 48 25 P 56 103
Rohri 2 43 3 15 3 )M 1 154 267
Overall 2 50 4 13 0 1 28 1 1097 1539

Table 31 shows that overall, about 50 percent of the farm respondents perceived that the drainage
problem persisted due to a high watertable, and the second major reason stated by about 28
percent of the farmers, is the lack of access to the drainage system. Some farmers reported that
they tried to solve the drainage problem by pumping out excess water into the nearby watercourse

or to sow rice on waterlogged soils. Table 32 displays the farmers’ responses on how they tackle
this problem.

5) Farmers’ Solutions to the Drainage Problem in Sindh

Table 32 shows that the percentage of farmers who do not do anything is the highest (29-92
percent) in almost all of the canal commands. Because the problem encompassed a collective area
attempts to deal with the problem cannot be tackled by only a few farmers. The survey results
revealed that farmers place this responsibility with the government. Overall, about 11 percent of
the farmers responded that they want to adopt certain measures, but were prevented by the lack of
resources or cooperation from the other farmers. Table 32 also shows their social behavior; about
6 percent of the farmers tried to construct private drains, but neighboring farmers did not
cooperate. They were not even willing to allow these farmers to expel drainage water into the
drainage system. Among other solutions, farmers reported that they reduce the number of
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irrigation turns to the crop in order to avoid ponding conditions in the field. Others sow rice or
other crops that are tolerant to waterlogged conditions.

Table 32. Farmers’ Responses towards Solutions of the Drainage Problem in the Sindh Province

(1997-98).
Canal Perceived solutions to the drainage problem* Farms Total
Commands reporting Farms
0 1 2 3 3 5 6 problem

Begari 1 94 3 1 2 148 166
Dadu 81 12 4 4 26 31
Desert 84 8 6 2 50 61
Fuleli 6 29 51 2 2 10 51 74
Ghotki 91 1 5 3 152 186
Jamrao 4 43 20 1 13 18 83 128
Khairpur East 4 91 4 2 54 79
Khairpur West 92 8 53 65
Lined Channel 4 53 18 16 9 45 56
Nara 46 10 14 31 59 105
North West 2 77 10 6 5 146 193
Pinyari 5 45 20 15 1S5 20 25
Rice 4 g0 11 2 4 56 103
Rohri 3 57 14 2 7 18 154 267
Sindh 2 72 10 1 0 6 9 1097 1539
Note: *
0. No response 1. Do not do anything 2. Do not have resources
3. Lessimigation 4. Change cropping pattern 5. Construct a drain on the farm
6. Others

6) Tenurial System in Sindh

Land tenure is concerned with the rights/arrangement under which the land is operated (Census of
Agriculture, 1990). Basically, there are three categories of farmers with respect to tenure. These
are owners, owner-cum-tenants and tenants. Owner-farms are where the entire land is owned by
the operator, tenant farms are where the entire area is taken from other households against a fixed
rate in cash/kind, or a share in the produce. Owner-cum-tenant farms are defined as the farms in
which a part of an area is owned by the operator’s household and the remainder rented from other
household(s) for cash or a share of the produce. On the bases of the Sindh survey, these categories
may be subdivided into seven classes on the bases of authorities on decision making about what
to produce, how much to produce, how to produce and the involvement in farm operations.

A description of these seven categories is given below.

a). Absentee Landlords

These farmers do not cultivate their land themselves. Most prefer to live in urban areas and remain
absent from their native villages. They employ managers who take care of the land / interests in
their absence. Land is distributed to tenants on different terms and conditions. These tenants
perform all of the farm operations and share inputs and the output.
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b).. Owner-Manager

The majority of owner-managers is also large farmers who do not cultivate their fields
themselves. They have no direct involvement in farm operations. They also rent their land to

tenants and manage the accounts, inputs and outputs of the farm. The involvement in farm
operations is limited to management and supervision.

¢). Owner Cultivator

Owner-cultivators not only own their own land, but also cultivate their land themselves. They

perform all farm operations on the farm. An owner cultivator is not only a manager, but a laborer
too.

d). Owner-Cum-Tenant

Owner-cum-Tenants (OCT) are farmers who have their own land and hire additional land either

on fixed rent or a percentage of the output. OCT is fully involved in farm operations, but decision
making is limited to his own plot of land.

e). Tenants

Tenants do not own land, they cultivate land rented from other farmers and share the input and
output with the owner. Terms and conditions of sharing vary from farm to farm and region to
region. Terms and conditions are in favor of the owner or tenant, depending upon the availability
of the tenant, the behavior of the landlord and the status of the tenant. Availability of tenants is
when other people are willing to cultivate their land. For example some Hindu castes residing on
the Left Bank of the Indus River work as tenants on the farms. But, on the Right Bank this type of
labor is not available. On the bases of terms and conditions, there are two types of tenants; those
who receive 50 percent of the output and those who receive 25 percent of the output. The table
indicates the tenants’ share in input.

Table 33 shows that the tenant, who shares 25 percent of the produce, shares 25 percent of all
inputs and 50 percent or 25 percent of land preparations. These tenants do not take much interest
in farming. Due to their weak financial positions they use less input and prepare the land
unsatisfactorily. Another reason why they use less inputs is because they purchase these inputs
mostly on a credit basis; thus, to avoid heavy interests they confine themselves to minimal input
use. One tenant usually gets 2-4 ha of land, which depends upon resources available, manual
fabor, etc. Some landlords distribute 2 ha of land proportionate to tenants who can contribute 2
bullocks for manual labor. Tenants who have their own pairs of bullocks can contribute towards
the cost of chemicals and fertilizers and have the right to receive fifty percent of the output.
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Table 33. Percentage Share of Tenants in Inputs and Output in the Sindh Province (1997-98).

Type Abia |Chemical |Fertilizer |Labor |Tillage [Seed [Transport [FYM [Other |Reclamation [Tubewell [Yield
Of Tenure na

25% 0 25 25 25 0 25 {25 100 [0 0 ] 25
50% 0 50 50 100 100 100 {50 100 150 0 0 50

The liability of payment for water rates rests with the owner. Tenants do not pay water rates for
major crops, but in some areas tenants have to pay abiana (water rates) for the area used to
cultivate fodder crops for his livestock. Tenants work on the farm as labor and have limited
decision-making power.

f). Lessee

Lessees also do not have their own land. They hire land for a fixed cash payment, which is valid
for one year only if they get land from farmers. This may be valid for long periods of time if they
hire land from the government. Lessees have the authority to make decisions about land use and
the input use pattern. Most times, lessees work on their farms but there are occasions when
lessees have tenants.

g). Managers

Managers are not farmers; they manage land belonging to feudal lords (absentee landlords).
Responsibilities of the manager include providing inputs to tenants, to manage farm accounts, to
coordinate between the landlord and tenant, to collect the share of the output from tenants, to look
after farm resources, etc.

h). Others

Farmers in this category belong to more than one tenurial class. They may be owner-cum-
manager, lessee-cum-owner cultivator or lessee-cum-owner manager, etc.

7) Current Status of Land Tenure in the Sindh Province

Out of 801,975 farms in Sindh, about 50 percent (405,804) are operated by owners, about 42
percent (334,918) by tenants and the remaining 8 percent (61,253) are managed by OCT (Census
of Agriculture, (1990). The survey sample results contain about 68 percent owner farms, 4
percent OCT and 28 percent tenant farms among 68 percent of owner farms (Table 34), 1 percent
absentee landlords, 20 percent owner-managers, 43 percent owner-cultivators, and 4 percent were
managers of absentee landlords.
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Table 34. Number and Percentage of Farms in each Tenurial and Farm Size Class in the Sindh
Province (1997-98).

Small Medium Large Extra Large Total
Owner-cum-Tenant [ 46 10 i 63
(2) {6) (3) (1) 4
Owner 161 428 305 150 1044
(62) (54) o1 N (68)
Tenant 93 3o 19 4 432
(36) {40) (6) 3) (28)
Tolal 260 790 3 155 1539
(100} (100) (109) (100) (100)

Figures in parenthesis represent the percentage distribution,
Table 35 reveals that absentee landlords (plus managers) are totally absent in small farms and
their presence increases as farm sizes increase. The owner-farm-manager category increases, but
the percentage of owner-managers declines in the extra-large category. The owner-cum-tenant
category does not form a major part of the farm population. The percentage of OCT is highest in
medium farms (6 percent). Most OCT farms hire some land to qualify for the category of medium
farms. Tenants show the same trend as for OCT, i.e. the highest in medium sized farms (40
percent). The overall population of lessees does not lease land for cultivation on the Right Bank

while some farmers on the Left Bank acquire land on rent. But, most times, they prefer to hire
land on share bases instead of at fixed land rent.

Table 35. Distribution of Sample Farmers among different Farm Categories in the Sindh Province

(1997-98).
Farm categories Small Medium Large Xlarge Total
Absentee.Landlord 0 1 S 2 8
(0.00) (0.00) (0.32) {0.13) (N
Owner managers 10 75 140 84 309
{0.65) (4.87) (9.10) (5.46) (20)
Owner cultivators 152 34y 140 18 659
(9.88) (22.68) (916} (1.17) (43)
Owner cum tenants 6 46 10 l 63
(0.39) {2.99) (0.65) (0.06) )
Tenants 94 33 16 2 - 425
(6.11) {20.39) (1.04) 0.13) (28)
Lessees 0 2 3 2 7
{0.00) (0.13) (0.19) {0.13) ()]
Managers 0 1 20 46 67
(0.00) (0.06) (1.30) {2.99) (4)
Others 0 1 0 0 |
(0.00) (0.06) ((0.00)) (0.00) 0)
Total 262 788 134 155 1539
(17.02) (51.20) 21.70 (10.07) (100)

Figures in parenthests represent percentage distribution of farms in tenurial and land size classes.

Table 36 presents the current status of farm tenure in the Sindh Province with respect to the farm
size categories. In small farms, owner-cultivators are the most common, i.e. 58 percent, because
they cannot afford to employ managers, nor can they share such small farms with tenants. When
compared to owner-cuitivators, owner-managers are not present on those farms so frequently.
Here, the data reveals the incidence of a direct relationship between the size of the farm and the
employment of a manager, i.e. as the farm size increases, large farmers tend to employ managers
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on their farms. Therefore, the percentage of managers increases with an increase in the farm size

and the percentage of owner-cultivators decreases with the increase in farm size.

Table 36. Distribution of Farms in different Farm Size Classes in the Sindh Province (1997-98).

Farm categories Small Medium Large X-large Total
Absentee Landlords i) 1 5 2 8
{0.00) (0.13) (1.50) (1.29) m
Owner .managers 10 75 140 84 309
(3.82) {9.52) (41.92) (54.19) {(20)
Owner Cultivators 152 349 140 18 659
(58.02) {44.29) (41.92) (11.61) 43)
Owner Cum Tenants 0 46 10 | 63
{(2.29) (5.84) {2.99) {0.65) (4)
Tenants 94 313 16 2 425
(35.88) (39.72) (4.79) (1.29 {28)
Lessees 0 2 k] 2 7
(0.00) (0.25) (0.90) (1.29) (0
Managers 0 I 20 46 67
(0.00) (0.13) (5.9% (29.68) 4
[Others ] i 0 0 i
0.00 0.13 0.00 0.00 0
Total 262 788 134 155 1539
100.00 100.00 100.00 100.00 100

Figures in parenthesis represent percentage distribution.

Table 37. Comparison of Tenurial Status on Both Banks of the Indus River in the Sindh Province

(1997-98).
Farm categorics Left Bank Right Bank Sindh
Absentee .Landlords 7 1 [
(0.71) {0.18) {0.45)
Owner managers 221 88 221
(22.44) (15.88) (14.36)
Owner Cultivators 443 216 443
(44.97) (3899 (28.78)
Qwner-Cum-Tenants 19 44 19
(1.93) (7.94) {1.23)
Tenants 246 179 246
. (24.97) (32.31) (15.98)
Lessees 7 1] 7
(0.71) {0.00) {0.45)
Managers 42 25 42
(4.26) (4.51) (2.73)
Others 0 1 0
(0.00) (0.18) (0.00)
Total 08s 554 1539
(100.00) (100.00) (100.00)

Figures in parenthesis represent percentage distribution of farms in tenurial and size classes

Farm tenure is somewhat different on both sides of the Indus River in the Sindh Province. If we
compare data on the Left and Right Banks, a difference in the tenurial system on both sides is
visible. The number of absentee landlords is greater than on the Right Bank. The results of the
study revealed that, on average, farm holdings are small but land is still cultivated by tenants.
Farmers on the Right Bank did not report acquiring land on a lease basis, therefore, the number of
lessees on the Right Bank was zero. However, Table 37 shows that this class is present as
reported by 7 lessees. Villages on the Right Bank are well developed and populous and have
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access to towns and cities. Therefore, the villagers reported that they have opportunities to work
out-side the agriculture sector. These people are not engaged in agricultural land on share bases to
other owner-farmers or land-less farmers. Therefore, OCT and tenants on the Right Bank are
more than on the Left Bank. Another reason for this may be that more feudal lords reside on the
Right Bank, who are reported to have a strong hold on their tenants. Tenants were found reluctant
to give any responses without prior permission from their landlords.

8) Cropping Pattern in the Sindh Province (1997-98)

The cropping pattern differs on both sides of the river Indus; different crops are being grown on
the Left and Right Banks. Wheat, cotton and sugarcane are the major crops on the Left Bank,
while wheat and rice are the major crops on the Right Bank of the Indus River. The survey results
showed that the cotton crop is not grown on the canal commands of the Begari, Dadu, Desert,
Northwest, Rice, Pinyari, and Fuleli Canals because these canal commands have fine-textured
soils and high watertable. The highest percentage of area under cotton crop was found in the
Ghotki, Jamrao, Nara and Rohri Canal commands. The cropping pattern in these areas is wheat-
cotton. A considerable percentage of sugarcane was also found in those areas. On the Right Bank,
rice is the only Kharif crop, therefore, major share of area under rice crop comes from the Begari,
Desert and Northwest Canals, while in Rabi the farmers reported that the majority of the farms do
not sow the wheat crop due to excess moisture in the soil at the harvesting of rice. Therefore,
farmers grow oilseeds in those areas as a Zaid Rabi (late Rabi) crop where they could not grow
the wheat. The fodder crops are reported grown by tenants and by owner-cultivators for their

livestock. Other crops reported by the farmers include onion, chilies, vegetables, pulses, etc.
Orchards include date-palm, banana and hina.

Table 38 shows the distribution of cultivated area under different crops, which indicates the major
crops of specific canal commands. About 98 percent of area is found to be covered by the rice
crop in the Begari, Desert, and Rice Canals in Kharif, while the Dadu Canal has 78 percent and
the North West Canal 92 percent area under rice crop.

Cotton occupies 54 percent of the area in the Ghotki, 31 percent in the Nara, 30 percent in the
Jamrao and 29 percent in the Rohri, 54 percent in the Khairpur East and 19 percent in the
Khairpur West Canal commands. The cropping pattern in these canal command areas is Wheat-
Cotton. However, sugarcane is also grown there. The cultivated area under sugarcane crop was
found to be 40 percent in the Lined Channel, 36 percent in the Pinyari and 27 percent in the Fuleli
Canal, among canals of the Sukkur Barrage. The Rohri Canal command had the highest; 24
percent. On the Right Bank of the River Indus, only the Dadu Canal had 10 percent of its
cultivated area under sugarcane. In the remainder of the canal command areas of the Right Bank,
sugarcane is either totally absent or found on a.very small area like that of the Northwest Canal,
where sugarcane covers only one percent of the GCA,

The wheat crop, being the staple food, is found to be present on every canal command. Orchards
are common in commanded areas of the Khairpur and Nara Canals, In the Rabi season the wheat
crop is grown with oilseed in the canal command areas of the Right Bank. The farmers on the
Right Bank grow wheat only for home consumption and after the paddy harvesting, the wheat
crop is reported to be sown with zero tillage.
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Table 38. Area under Crop as Percentage of Cultivated Area in different Canal Commands in the
Sindh Province (1997-98).

Canal Area-under crop as percentage of cultivated area total Cultivated
Command| Cotton | Rice | Sugarcane | Wheat | OilSeed | Orchard | Fodder | Others |Area
Begari 0 o8 0 62 4 0 3 6 5410
Dadu 2 78 10 61 1 0 15 9 88
Desert 0 98 0 74 5 0 1 6 2079
MNorth 1 92 1 29 13 0 11 7 2576
West

Rice 0 98 0 29 36 0 12 13 788
Canal

Fuleli 2 43 27 17 15 0 9 5 1025
Ghotki 54 5 19 55 1 0 4 0 2543
Jamrao 30 1 11 33 3 10 8 5 5173
Khairpur 54 4 13 64 0 17 21 0 284
East

Khairpur 19 16 11 46 1 25 24 3 330
Waest

Lined 2 37 40 20 0 0 12 1 756
|Channel

Nara n 1 7 7 34 1 5 8 5 5475
Pinyari 0 39 36 12 0 0 5 0 443
Rohri 29 4 24 30 1 8 8 4 7511
Sindh 21 35 12 40 4 4 7 5 34482

The area under sugarcane crop was found to be more in areas where rice is grown less
intensively. The cultivation of sugarcane was found more common in the cotton-wheat zone
instead of the rice-wheat zone, because most soils in the cotton-wheat zone {on the Left Bank of
the River Indus) are reported to be medium-textured soils most suitable for the sugarcane crop.

9) CROPPING INTENSITY

In the Sindh Province the cropping intensity varies from 105 percent in the Nara to 192 percent in
the Rice Canal. The canal command areas (CCA) of the Right Bank were found having a higher
cropping intensity than that of the CCA on the Left Bank because farmers on the Right Bank the
sow the rice crop on almost all of the farm area. In Rabi they have enough moisture to broadcast
the wheat seed or sarsoon seed in the paddy field just after the harvesting of the rice crop. The
wheat seeds thrown in the paddy fields use the same moisture already present in the soil. The
wheat crop is raised in zero tillage without any irrigation, or even without fertilizers. In contrast,
on the Left Bank of the Indus River at tail reaches of the Nara and Rohri, Jamrao, Lined Channel
and Fuleli Canal commands, the farms reported acute shortages of irrigation water in the Kharif
season. Therefore, the cropping intensity in Kharif never exceeds 60 percent in these canal
commands. The cropping intensity in all of the three canals of the Kotri Barrage during the Rabi
season is reported to be the lowest of all. The low cropping intensity in the Kharif season is due to
the high intensity of sugarcane in these canal commands. Sugarcane covers a good percentage of
cultivated area in these canal commands. The canal command on the Right Bank prohibits the
cultivation of the sugarcane because of the high watertable and finer soil, which is more suitable
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for the rice-wheat cropping pattern. The canal commands in which Rabi, Kharif and sugarcane
area do not form annual cropping intensity have some percentage of area under orchards. The
presence of the orchards usually increase the cropping intensity because farms prefer to sow
fodder crops in orchard; in this way, the cropping intensity may reach 300 percent.

Table 39. Average Cropping Intensity and Percentage of Cultivated area under Kharif, Rabi Crops
and Sugarcane Crop in the Canal Commands of the Sindh Province (1997-98).

Canal Commands Cropping Percentage of Cultivated Area under
Intensity Kharif Crops | Rabi Crops | Sugarcane |Orchard
[Begari 180 96 82 0 0
Dadu 170 81 80 8 0
Desert 190 96 93 0 1
Fuleli 123 56 34 32 0
Ghotki : - 183 91 88 3 1
Jamrao 131 52 62 11 3
Khairpur East 182 77 83 8 12
Khairpur West 166 47 69 12 34
Lined Channel 115 43 28 44 0
Nara 106 © 49 49 4 2
North West 170 94 73 1 0
Pinyari 124 56 30 38 0
Rice Canal 192 99 91 0 0
Rohr 144 56 o1 19 6
Sindh 158 74 70 10 4
10) Mechanization

The increase in the population enhanced the pressure on agriculture and made it necessary to
transit from old primitive agriculture (based on indigenous implements) to advanced
mechanization (based on new implements and tools). During the survey in Sindh, the farmers
reported the use of different agricultural implements from the land preparation to the harvesting
and threshing of crops. These implements have become an essential part of agriculture due to the
uncertain weather conditions, narrow time limits {between harvesting one crop and sowing
another) and increased cropping intensity. The important agricultural implements being used in
Sindh are Gobal (disk harrow), Cultivator, Leveler, Punj Phara (Five tined cultivator) and Sohaga
(Wooden Plank). The use of the disk plough is very limited and is reported to be used by the
landowners only, after 2-3 years. A very small number of farmers reported the use of tractor-
driven seed drills for sowing of cotton. The majority of the farmers reported the use of bullock-
driven drills for the sowing of cotton. Similarly, the interculture/hoeing of sugarcane and cofton is
also reported to be done with bullocks. The harvesting of the wheat and other crops is reported to
be done manually. About 100 percent of wheat threshing is reported to be done with the wheat
thresher. The Gobal is reported to be the main implement used by 46 percent of farmers for 1and
preparation in the canal commands of the Left Bank of the Indus River. Of these users, 78 percent
hired the Gobal and only 22 percent used their own Gobals. The cultivator (Eleven tined) is
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reported to be used widely on both sides of the Indus River in the Sindh Province. About 81
percent of the farmers reported the use of the cultivator to cultivate their fields. The Punj Phara is
reported to be used on the Right Bank of the Indus River (in the rice-wheat cropping zone).
Almost 67 percent of farmers in the Sindh Province reported the use of the Punj Phara for land
preparation. The concept of using Punj Phara is somewhat different on both sides of the River
Indus. On the Left Bank this implement is large in size and is used for deep tillage, while on the
Right Bank it is used as a cultivator. As all these implements are operated with tractors it has
special importance in crop production and agriculture development. But, in Sindh, few farmers
own tractors. The reason may be that most of the land is cultivated by tenants who share a stnall
acreage (2-4 ha). These tenants either operate their farms with bullocks or with hired tractors.
Under the tenancy contract, the land preparation is the responsibility of the tenants.

Table 40. Farmers Reporting the Use of Agricultural Machinery.

Farms reporting the use of implements

Implements Total Farms Tou Hired Owned
WGobal 1539 709 551 158
(46) (78) (22)
Keen 1539 1071 822 249
(70) 77) 23
Punj Phara 1539 1035 807 228
' (67) (78) (22)
[Cultivator 1539 1244 969 275
lan (78) |22)
Sohaga 1539 391 264 127
(25) l(68) (32)
Bullock 1539 349 107 242
(23 3D {69)

Figures in parenthesis represent the percentage distribution of the sample farms.

The survey results showed that only the large owner-cultivator farmers were using their own
tractors; the remaining farms were dependent on hiring tractors for performing different farm
operations. The total number of tractors in Sindh was 16,542 in 1984 and of these, 462 are owned
by the Government and the remainder by private landlords (Farm machinery Census, 1984).
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VI LAND USE INEFFICIENCIES AND THE PRODUCTION POTENTIAL IN THE
SINDH PROVINCE

After the inception of the green revolution (the introduction of new bio-chemical technologies) and
large investments in water development, there. was a significant improvement in the cropping
intensity and crop yields in the Sindh Province. The enhanced water availability contributed to
increases in both, cropping intensity and crop yields. The provision of more water supplies also
helped to bring more land under cultivation. The 1990 census data reveals that despite all efforts to
increase the cultivated area in the Sindh Province, the total cultivated area in 13 districts amounted
to 2.85 Mha out of the 3.46 Mha of farmland (Tables 41 & 42). Still, there were 0.566 Mha of land
on agricultural farms that could be cultivated, but are classified as culturable waste. Since the
cultivated areas are approaching their limits in cropping intensity, the chance to increase
agricultural production in the province by bringing these culturable wastelands under agriculture
does exist. Tables 41 and 42 provide figures pertaining to the total number of farm holdings, farm
size and culturable wasteland, which provide insights regarding the pattemn of agricultural land use
and its distribution within the Sindh Province. Tables 4 and 5 in Section I showed that in Sindh
about 6 percent of the large farms were having about 36 percent of the land holding, while 60
percent of medium farms and 33 percent of small farms were having about 55 and 9 percent of land
holdings, respectively. This also shows the distribution of farms across farm size groups on the Left
and Right Banks of the River Indus, as well as across 13 districts in the Sindh Province.

The figures Table 42 reveals that overall the culturable waste area increases as the farm size
increases. The 1990 census data in Table 42 shows that on an average, the culturable waste area on
small, medium and large farms turn out to be about 2, 34 and 64 percent, respectively, in Sindh,
Similar is the trend with respect to the Left and the Right Bank areas as well as across 13 districts in
Sindh. The data shows that during the census year 1990, about 16 percent of the total area on
agricultural farms was not used at all and remained culturable waste. Regarding the distribution of
cultivated and culturable waste area, Table 42 shows that the highest percentage of cultivated area is
located in the District Tharparkar (23 percent), followed by Districts Hyderabad, Jaccobabad,
Sanghar and Badin (about 9 percent each), Khairpur and Dadu (about 6 percent, each) followed by
the District Thatta (5 percent), Nawabshah (4 percent), Sukkur and N. Feroze (3 percent), and
Shikarpur (2.6 percent). For the culturable waste, more than 58 percent of the distribution is in
Districts Dadu, Sanghar and Tharparkar; the highest occurrence being on large farms. This trend
persists at all levels, and leads to the conclusion that as the farm size increases, the area under
culturable waste also increases. Similar results are revealed from Table 43, which shows the
distribution of farm area among small, medium and large farm categories across 14 canal
commands in the Sindh Province. Table 43 shows that about 32 percent of the large farms (10-60
ha) and Extra-large farms (>60 ha) were owning about 90 percent of the sample farm area when
compared to the small and medium farms who were owning 10 percent of the sample farm area in
the Sindh Province. Table 43 and 44 show that about 66 percent of the sample farm area is located
in the canal commands of the Rohri, Begari, Jamrao and Nara Canals and again, show similar
trends of culturable waste area with respect to the farm size.
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Table 41. Farm Size-wise Distribution of Farm Numbers and Total Farm area across Districts in
the Sindh Province (1990).

Districts Farm size categories Total Total
Small | Medium Large Farm number/
% % % Farm area (ha) %
BADIN FNO 25.10 66.93 7.98 62813 785 |

FAT 6.91 55.85 37.24 323808 9.35
HYDERABAD FNO 26.89 66.11 7.00 61874 7.73
FAT 7.64 52.69 39.67 302073 8.72
KHAIRPUR FNO 55.80 41.53 2.67 69430 8.68
: FAT 21.12 58.95 19.93 180915 5.22
N FEROZ FNO 47.16 48.69 4.15 32327 4.04
FAT 14.38 56.81 28.82 107049 3.00
NAWABSHAH FNO 27.32 59.11 13.57 19153 2.39
iFAT 525 4128 53.47 123861 3.58
SANGHAR FNO 13.11 76.11 10.78 51152 6.39
FAT 2.75 48.38 48.87 334845 9.67
SUKKUR FNO 46.86 50.25 2.89 67492 8.44
FAT 15.85 64.64 19.51 193503 5.59

THARPARKAR FNO 18.98 67.49 13.53 124795 15.60
FAT 3.23 48.52 48.25 820836 23.71

LEFT BANK FNO 31.90 60.40 7.70 552260 69.03
FAT 7.14 52.03 40.83 2084816 60.21
{BADU FNO 3562 | 59.56 451 63224 7.90
FAT 11.68 61.49 26.84 236172 6.82

JACCOBABAD FNO 24.73 72.38 2.89 81575 10.20
FAT 9.79 71.34 18.87 282584 8.16

LARKANA FNO 44.99 52.41 2.60 88787 “11.10
FAT 18.17 63.62 18.21 261337 7.55
SHIKARPUR FNO 48.71 50,77 2.52 28832 3.60
FAT 20.00 58.46 21.54 76270 2.20
THATTA FNO 33.57 60.40 6.03 48566 6.07
FAT 9.44 52.42 38.14 219416 6.34

RIGHT BANK FNO 36.28 6D.36 3.36 247760 30.97

FAT 11.74 | 60.37 27.89 1377851 39.79
SINDH ENO 33.26 60.39 6.36 800020 100.00
FAT 8.97 55.35 35.68 3462667 100.00

Source: Agricultural Census of Pakistan, 1990.
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Table 42. Distribution of the Cultivated Area and the Cultivable Waste Area across Districts in
the Sindh Province (1990).

[Districts Small Medium Large Total Percentage
Y%age %age Y%age {ha) Distribution
BADIN CAT 839 60.12 30.89 235922 8.3
CWA 1.31 44.43 54.27 86294 15.2
HYDERABAD CAT 8.93 57.30 33.77 251600 8.8
CWA 0.90 29.18 69.92 44389 7.8
KHAIRPUR CAT 21.86 59.13 19.02 172884 6.0
CWA 5.61 59.47 34.92 2757 0.5
N FEROZ CAT 15.41 58.74 25.85 90646 3.2
CWA 8.98 46.62 44 .41 15502 27
NAWABSHAH CAT 5.70 42.89 51.41 111138 38
CWA 1.41 27.14 71.44 11979 21
SANGHAR CAT 3.55 58.70 37.75 245756 86
CWA 0.54 19.79 79.67 86627 15.3
SUKKUR CAT 16.84 64.82 18.34 172477 6.0
CWA 7.92 63.70 28.38 19892 35
THARPARKAR  CAT 373 54.58 41.70 655422 229
CWA 1.31 24.51 74.18 159938 28.2
LEFT BANK CAT 8.47 56.97 34.56 1835845 67.7
CWA 1.76 31.25 66.98 427378 755
DADU CAT 13.97 67.27 18.76 186632 6.5
CWA 3.25 40.71 56.03 43532 7.7
JACCOBABAD  CAT 10.50 72.68 16.82 257027 9.0
CWA 3.16 60.22 36.62 21546 38
LARKANA CAT 18.70 64.38 16.93 252623 8.8
CWA 3.14 42.26 54.60 8246 15
SHIKARPUR CAT 20.47 59.62 19.91 74418 26
CWA 0.81 7.81 91.38 1744 0.3
THATTA CAT 11.49 59,71 28.81 151942 5.3
CWA 5.01 37.41 57.58 59811 10.6
RIGHT BANK CAT 14.41 66.12 19.47 922642 323
CWA 3.98 42.03 53.99 134876 23.8
SINDH CAT 10.39 59.93 29.69 2858487 100.0
CWA 2.29 33.82 63.29 566333 100.0
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Table 43. Farm Size-wise Distribution of Total Farm Area across Canal Commands in the Sindh

Province (1998).
(ha)
(Canal Command | Sraall Medium Large X-large Total
‘ No. Area | No.  Area No. Area No. Area No. Area
Degari [ 28 47 74 3151 34 897 30 6058 [66 7353
A _ (17)  (63) | (45) (477)| @0) (122)] (18)  (82.4) | (100) _ (100)
Dadu 17 26 10 35 4 50 i) 3 3t [3 ¥
(55) (23.63) | (32) (31.76)| (13) (44.61)} (0) (@) (100) (100)
Desert 6 11 RY) 168 10 514 8 2115 61 2807 |
a0y (37 | 6y 598y | (6) (1831{ (13)  (75.34) | (100)  (100)
PNorth West b 23 33 7 568 | 54 k519 ¥2 0% ¢ 193 4§45
(12) (79 | (54) (13.51)] (28) (36.64)| (6)  (49.06) | (100) (100
Rice 29 42 57 255 14 375 3 627 103 1299
28y (3.22) | (55 (19.63)] (14) (28.87)}! (3) (48.28) ¢ OOy 100}
Right Bank 103 158 282 1369 116 3354 53 10834 554 15715
' (19) 1)) (55 8.7y | (21} (21.34)) (10) (68.94) [ (100) (100)
Fuleli 9 17 36 195 22 498 7 849 74 1559
(12y €109 | (49) (1249 (30 (3] 93 D (54.49) | €100} (100}
Ghotki 46 63 111 571 22 453 7 2193 186 3280
(25)  (1.92) | (60) (17.39)] (12) (13.81)] (4) (66.88) | (100) (100)
Jamrao 8 14 54 300 45 1152 21 5117 128 6583
) (21 | 42) @56 | 3% (1751 (16)  (77.72) | (100)  (100)
Khairpur E 3 39 44 213 4 62 0 0 79 313
(39)  (12.52) | (56) (67.86)] (5) (19.62)] (0} (©y | (100) 100} ||
Khairpur W 30 29 25 135 10 216 0 0 65 38t
(46)  (7.55) | (38) (35.57)| (15} (56.88)| (0) © | {100y (100
Lined Ch. 2 4 29 262 20 537 5 431 56 1234
. (4) (.29 (32) (21.25)| (36) {(43.54)] (9 (3492) | (100) {100}
Nara 6 10 42 240 33 1034 24 5266 104 6550
) (I5) | 40y (3.66) | (32) (15.79)) (23) _ (804) | (100) _ (I00)
Pinyari 4 4 14 82 3 62 4 498 25 646
(16) 66) | (56) (12721 (12) (9.53) | (16) (77.09) (100) (100)
Rohri 21 35 153 764 59 1419 34 7127 267 9346
Q) (38 | 6T AN | (22) (1518)] (13) (7627 | (100)  (100)
Lett Bank 157 215 508 2762 218 5433 102 21482 985 29891
' (T6y (0.72) | (52) (9.24) | (22) (18.17}] {10} (7187} | (100} (100}
Sindh 260 372 790 4131 334 8787 155 32316 1539 45606
177 (080 | 651) (9.06) | (22) (19.27)] (10) _ (70.86) | (100) (100

Source: 1IMI-Sindh Salinity Survey, 1997-98.
Note: Figures in paremthesis are the percemtage distribution of farm/ares with respect 1o the total mumber of
farms/area.

78



6L

BaIY S M S[QRINND) = VM D4
[E10 BAIY PAIBANINY) = 1V s
'86-L661 ‘£oAIng Ayutjes ypurs-JA] :201n0§

9¢l1l _ ebpre | 00°001 00001 LL 69 81 0c S &1 0 I qpuis
£8L9 BOSEC | ITLS  vT'89 €L [44 12 Ll 9 01 0 1 qued Yo]
0981 S8VL | 8991  tL'IT 6L SL Ll St 3 6 0 0 Loy
€0c £y 8’1 67’1 68 IL £ £l L ¢l 1 I uedulg
€L01 SLYS ¥9'6  68°¢1 8L 18 1Z 61 [ v 0 0 BIEN
6Ly 9SL 6T’y 61C 134 0t 8¢ Ly 61 14 0 0 {suuey) paut]
0¢ 0te St0 960 0 0 69 ¢¢ |74 LE L 8 159m Indarely
0t ¥8¢ 970 80 0 0 0 44 c6 €9 S £l 1sed mdieyy
01¥1 eLIS | £9°C1 TO°SI <L 6L 14 91 14 Y 0 0 OrllUE(
87 LEST 999 LEL 8 £9 cl 14! 9 | 4 0 Z BoyH
res 601 6L’y 16T £9 0§ 8¢ 143 8 51 I 1 1e1nd
ELLY  1V601 | 6L°CF  9L'IE £8 £9 18! §C t 11 0 1 queg s
11§ 88L 8S'Y 6C'C 17 It 1T ve 14 0¢ 0 § 201
8961 9LST | 90FI 8v'L €L 14 1T )4 S 81 0 I 159 YHON
8CL 6.0C A £0'9 £6 69 S €7 4 L 0 I uasag
144 88 o §C0 0 0 16 (4% 8 8¢ < 0¢ npeq
crol  OIpS | 1vLl  1L°S1 16 6L 8 vl | 9 0 l uesag
(ey) (ey) % % % % % % % % % %
puBWILLIO))
VMI IVD { VMO LVD | VMO  IVD | VMD 1VD | VMD  LVD |+VMD «LVD [euB’)
e10], jelo 231eX a8 wnipap [[BwIS

"(8661) 2dulA01d YpUIS 3Y) U1 SPUBLILLOY) [BUR)) SSOIOR BATY SISEA S[GRAN[ND) dY) PUR BAIY PSIRAN[NY) 9Y) JO UOHNQUISI( H¥ 21981




The following discussion focuses on the statistical significance of the relationship existing between
the farm size and culturable waste area by using the dis-aggregated district data.

A. Spatial and Temporal Relationships of Culturable Waste Area in Sindh

1) Farm Size and its Relationship with the Culturable Waste Areas in the Sindh Province

The regression results derived through the regression Equations 7 and 8 (which relate the culturable
waste area with farm size and the irrigated area, as already specified in Section E of Chapter 1 of this
report) are summanzed in Tables 45 and 46. Equation 7 in the model captures the effect of farm size
on the CWA, whereas Equation 8 examines the CWA relationship with increases in irrigation
supplies in the Sindh Province. The summary of the results in Table 45 shows that the regression
equations for all of the districts and across Sindh have expected signs and magnitude for the
estimated parameters. The explanatory power (adjusted R?) is 0.64, 0.77, 0.83, 0.86, 0.90, 0.92,
0.89, 0.84, 0.96, 0.94, 0.77 and 0.91 for Districts Badin, Dadu, Hyderabad, Jaccobabad, Khairpur,
Larkana, Nawabshah, Sanghar, Shikarpur, Sukkur, Tharparkar, and Thatta, respectively. For the Left
Bank and the Right Bank area the value of the adjusted R? is 0.78 and 0.75, respectively. At the
overall Sindh level, the value of the adjusted R%is 0.77.

At the Left and Right Bank area levels, as well as at the overall Sindh level, the postulated direct
relationship between farm sizes and culturable wastelands is empirically valid during the time
periods of the 1960s, 1970s and 1980s (before, during and after the Green
Revolution/SCARP/drainage projects). Surpnsingly, during the 1970s and ten years after the Green
Revolution, the CWA has increased in the Sindh Province as the coefficient for FAT80 is positive,
higher than FAT72 and statistically significant at the 99 percent level of confidence. One of the
reasons might be that secondary salinization (due to the exploitation of the bad quality groundwater)
or the drainage problem are present in the majority of the areas on both, the Right and Left Banks of
the Indus Rover in the Sindh Province. The elasticity coefficients for the farm sizes in the 1960s are
statistically significant in all of the 12 districts at the 99 percent level of confidence, and have the
positive signs. The magnitude of the coefficient for the farm area being greater than 1 for all the
districts show that a one percent increase in the farm size in these districts led to more than a 1
percent increase in the CWA,

Table 45 shows the positive value of FAT72 for the districts of Jaccobabad, Sanghar and Sukkur and
the increasing trend in CWA during the 1970s on the Left Bank of the Indus River in Sindh. While,
in the case of the Right Bank area, the trend remains the same as during the1960s. The districts of
Larkana, Nawabshah, Sukkur and Thatla show positive coefficients for FATS80, indicating an
increasing trend in the culturable waste during the 1980s in theses districts (Table 45). In the case of
the [990s, all the districts have negative coefficients showing the declining trend 1n the culturable
waste area with respect to the farm arca total, except the District Shikarpur. In this case, the
coefficient for FAT90 was positive, showing the positive relationship between the increase in the
farm area and the culturable waste area, which has an increasing trend even during the 1990s.
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The intercept term and intercept dummies have negative signs and the coefficients are significant
for 1972 and 1980, meaning, that technological developments led to a decrease in the CWA within
the Sindh Province during the 1970s and 1980s. In the case of the Jaccobabad, Larkana,
Nawabshah, Sanghar and Sukkur Districts, the technology did play a role in reducing the CWA till
the 1970s and 1980s. The results show that for all the districts, except Larkana and Shikarpur, the
technology did play a role until the 1980s, and afterwards not, as the 1990 intercept dummies were
non-negative and significant at the 99 percent level of confidence for these districts. Table 45 also
shows that overall, the intercept dummy was also negative for 1972 and 1980, and was positive for

the intercept dummy of 1990 showing that the technological development did not play any role in
reducing the CWA during the 1990s.

2) Irrigation Supplies and its Impact on the Culturable Waste Area in the Sindh Province

Based on Equation 8 (which relates the culturable waste area with farm size and the irrigated area, as
already specified), Table 46 shows that the log-linear regression equations (relating the CWA with
FAT and CAI) for all of the districts and the overall Sindh Province have high explanatory power
and the expected signs and magnitude for the estimated parameters. The elasticity coefficients for the
farm sizes showed a positive relationship between farm size and the CWA in all of the districts.
Table 46 shows that there was no significant change in the relationship between farm size and CWA
in the districts of Badin, Dadu, Hyderabad, Sanghar and Thatta when compared with elasticity
coefficients for farm sizes in the 1960s. ‘

For the Jaccobabad and Sukkur Districts, the elasticity coefficients for the farm sizes during the
1970s and 1980s showed an increasing trend in the CWA, with increasing farm size that further
increased thereafter. In Nawabshah District, the coefficient shows an increasing trend of culturable
waste area until the 1980s and afterwards declines during the 1990s. For Districts Khairpur, Larkana,
Shikarpur and Tharparkar, Table 46 shows a similar trend of CWA with respect to FAT during the
1960s, but this trend decreases during the 1980s in the case of Khairpur and Shikarpur, and further
declines in the districts of Khairpur, Larkana, Shikarpur and Tharparkar.

At the same time it is observed from Table 46 that the proportion of area under irrigation has a
negative and statistically significant (at the 99 percent level of confidence) relationship with CWA
during the 1960s in Districts Dadu, Khairpur, Larkana, and Sukkur and this relationship becomes
more negative afterwards during the 1980s and 1990s. In all of the other districts, the elasticity
coefficients for the proportion of irrigated areas on the farms were not significant,

In the case of the Right Bank of the Indus River in the Sindh Province, the coefficients for the
proportionate area under irnigation was also non-significant during the 1960s, but became positive
during the 1980s. This may be due to the fact that the proportionate area under irrigation increased in
these districts due to the improvement of the irrigation supplies and exploitation of tubewell water
during the 1970s. But, afterwards, the bad quality groundwater and the drainage problem led to
increases in the CWA during the 1980s when compared to the 1970s and 1960s.
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At the overall Sindh level, the relationship between farm size and CWA remains the same during tke
1980s and 1990s as in the 1970s because the coefficients for FATS0 and FAT90 are non-significant.

Regarding the partial effect of irrigation on CWA in Equation 8, it has been found that irmgation
played a significant role in reducing the CWA in Dadu, Khairpur, Larkana and Sukkur during the
1960s (as the elasticity coefficient for irrigation is negative and significant at the 99 percent level of
confidence in these districts). After the 1960s, there was not much improvement in the
proportionate area under irrigation in Dadu and Larkana, which could play a significant role in
decreasing the CWA. The technological improvements (as captured through the intercept and the
intercept dummies) proved to be negative and statistically significant at the 99 percent level of
confidence and there was no significant impact of technological change in the districts of Badin,
Dadu, Hyderabad, Larkana and Shikarpur (as the intercept dummies for these districts were non-
significant). In the case of Districts Nawabshah, Sukkur, Tharparkar and Thatta, the technological
change has further reduced the culturable waste areas in these districts during 1980, but
astonishingly, the technological change during the 1990s only helped in improving the situation
in the districts of Khairpur and Shikarpur as the intercept dummies for these districts were
negative and statistically significant at the 99 percent level of confidence. In the remaining

districts, the technological change could not help to reduce the culturable waste areas on the
farms in Sindh.

B. Spatial and Temporal Relationships of Cropping Intensity in Sindh

1) Farm Size and its Impact on Cropping Intensity in Sindh

A negative relationship between farm size and the cropping intensity was expected. In order to
test this relationship, the log-linear Equation 9 (Section E, Chapter I) was estimated. In this
equation, cropping intensity (CI) was used as the dependent variable and the farm size as
independent; their post-1970s dummies were the explanatory variables in the equations. The
regression coefficient estimates of Equation 9 are summarized in Table 47. All of the coefficients
have the expected size and sign, proving the argument of an inverse relationship between farm
size and cropping intensity. All equations, in each of the districts, are statistically significant at
the 99 percent level of confidence. The explanatory power of the model (R2) is 0.42, 0.62, 0.85,
0.64, 0.89, 0.49, 0.92, 0.89, 0.30, 0.86, 0.66, 0.77, 0.52, 0.31 and 0.33 for the districts of Badin,
Dadu, Hyderabad, Jaccobabad, Khairpur, Larkana, Nawabshah, Sanghar, Shikarpur, Sukkur,
Tharparkar and Thatta, respectively. The explanatory powers of the model {R2) for the Left Bank,
Right Bank and for overall Sindh were 0.52, 0,31 and 0.33, respectively. 1t is clear from the
regression equations in Table 47 that the greater the farm size, the lower the cropping intensity.
This inverse relationship persisted in almost all the districts beyond the Green Revolution period
and has become less strong during the 1980s and 1990s in all the districts of the Sindh Province.
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The elasticity coefficients for the Left and the Right Bank areas show that as the farms become
larger the cropping intensity will decrease. This relationship was stronger in the Right Bank area
(B7 = -174) when compared to the Left Bank area (B7 = -0.068). In the Left Bank area, this
relationship remained the same after the Green Revolution period (during the 1980s and 1990s),
while in the Right Bank area the inverse relationship has weakened since the 1980s (B +B3=-
0.046) and continued into the 1990s (B1 + B4 = -0.035). The examination of the elasticity
coefficients for the overall Sindh data revealed that this negative relationship was stronger (-
0.055) during the 1980s when compared with (-0.048) the 1990s. Table 47 also showed a positive
response of the improvement in the technology and the increase in the cropping intensity across
all of the districts of the Sindh Province, since the intercept term in all of the intercept dummies in
all the equations are positive and are statistically significant at the 99 percent level of confidence.
The technological change increased the intercept from 0.23, 0.129 and 0.236 in Districts

Hyderabad, Sanghar and Thatta during the 1960s to 0.307, 0.371 and 0.496, respectively, during
the 1990s.

2) Irrigation Supplies and their Impact on Cropping Intensity in Sindh

To test the significance of the relationship between the cropping intensity and the availability of
irrigation supplies, Equation 10 (Section E, Chapter 1) was estimated by incorporating - the
proportionate area under itrigation per farm in the Sindh Province along with the farm size and
intercept dummies. The summary of results from Equation 10 are given in Table 48, wherein the
intercept term, as well as all the intercept dummies, are positive and statistically significant at the 99
percent level of confidence. This showed that technological advancements led to an increment in
the cropping intensity in all of the districts. At the district level, the explanatory power of the model
(Adjusted R2) ranges between 0.49 to 0.95. In the case of all the districts of Sindh during the1960s,
all of the farm size (FAT) coefficients are statistically significant at the 99 percent level of
confidence and have a negative sign. The estimated coefficients of the farm area during the 1970s,
1980s and 1990s suggest that the inverse relationship between farm area and cropping intensity has
been weakened over time in all the districts, except the Jaccobabad and Sanghar Districts. In the
casc of the Left and Right Bank areas, Table 48 shows the existence of a similar relationship.

The irrigation coefficient showed a positive relationship with the cropping intensity for all the
districts in the Sindh Province. During 1960 the irrigation coefficient was positive and significant at
the 99 percent level of confidence in the districts of Badin, Dadu, Jaccobabad, Hyderabad,
Khairpur, Nawabshah, and Shikarpur. This relationship continued in the districts of Hyderabad,
Jaccobabad, and Shikarpur during the 1990s. This means that if irrigation supplies were increased,
there will be a tendency to bring more area under cultivation, and thereby, reduce the unculturable
waste areas in these districts, except in Dadu, Khairpur and Tharparkar, where this relationship was
further augmented during the 1990s.
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C. Measurement of Inefficiency in the Cropping Intensity of Net Cultivated Farm Area in
Sindh

The results from Tables 45 and 46 revealed that both, the intensive and extensive use of land was
lower on the large farms when compared to small farms. In other words, as the farm size increases,
both, intensive and extensive use of land decreases. Let us pose ourselves a question. What would
happen if everybody used the land the way the small farmers are using it? Or, what if redistribution
of land takes place? Whatever policy is implemented to fully utilize the land, at least the unirrigated
area will be cultivated once and the irrigated area cultivated twice. If such a policy is followed, there
is a need to know how much inefficiency exists in extensive and intensive farming at the aggregate
and at the canal command level. On the basis of these assumptions, indices have been developed
(indicated in Tables 49 - 55) that will help in identifying how much land is underutilized and how it
is distributed among different farm categories in different regions.

In order to estimate the index of inefficiency, certain assumptions were considered that are
reasonable within the limitations of the available data. For measuring the inefficiency in cropping
intensity, irrigated areas (CAI) are assumed to have the potential for two crops and unirrigated areas
(NSA) for at least one crop. As such, the minimum potential number of times a unit area of land is
croppable (GCA) is equal to twice the net-irrigated area added to the unirrigated area. There is a
possibility that a negative number might be obtained in certain cases because the unirrigated area
may be cropped more than once and/or the irrigated areas may be cropped more than two times a
year, thereby making GCA greater than the sum of the NSA and CAl

Table 49 shows the results from the 1IMI 199798 survey of the Sindh Province. Table 49 shows
that, at the Sindh level, the measure of inefficiency across farm categories during 1998 was higher on
the large farms at the canal command level, the large and medium farms in the canal commands of
Jamrao, Nara, Khairpur East, Khairpur West, Lined Channel, Rice, Fuleli and Pinyari Canals. These
results, when viewed in the context of the estimates of the inefficiency indices (Table 49), which are
calculated from the 1997-98 Sindh survey data, confirm that the small farmers are the most efficient
in the potential utilization of the farmlands. Table 49 also shows that the inefficiencies of the
medium and large farmers in the canal commands of Khairpur East, Khairpur West, Lined Channel,
Rice Canal, Fuleli and Pinyari Canals are not only much higher than the small farms in these canal
commands, but that the medium and large farms in the canal commands of Rice, Desert, North West
and Dadu Canals are comparatively more efficient. This shows that much scope exists to improve

the efficiency of medium and large farms in the canal commands of Khairpur East, Khairpur West,
Lined Channel, Rice, Fuleli and Pinyan Canals.
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Table 49. Measures of Inefficiency in Cropping Intensity of Net Cultivated Area across Farm Size
Groups and Canal Commands of the Sindh Province.,

Canal Commands Farm S-ize Total

Small Medium Large
Begari 3.69 7.19 11.68 11.34
'Dadu 14,48 9.30 10.36 11.14
Desert 7.59 3.38 4.65 4.57
Fuleli 18.55 33.28 34.62 34.22
Ghotki 2.83 6.27 34.83 27.96
Jamrao 8.67 22.55 41.80 40.76
Khairpur East 4.08 9.78 31.28 13.60
Khairpur West 10.01 14.32 30306 22,58
Lined Channel 28.69 35.50 34.26 34.53
Nara 13.63 37.33 4147 41.25
North West 5.64 6.26 17.23 14.96
Pinyari 11.52 39.14 50.80 48.66
Rice 0.57 3.59 6.53 532
Rohri 12.84 19.66 4045 37.36
Sindh 6.86 14.77 30.22 28.03
(CATYNSA)

(CAI+NSA-GCA)

Table 50. Percentage Distribution of Additional Croppable Land through Improvement in
Cropping Intensity across Farm Size Groups and Canal Commands of the Sindh

Province (1998).
Canal Commands Farm Size Total Area Percentage
Small Medium Large (ha) Distribution in
Canal Command

Begari 0.27 3.78 95.95 38641 2.72
Dadu 375 3.19 93.06 27275 1.92
Desert 0.87 5.71 93.42 7213 0.51
Fuleli 0.70 13.73 85.57 123391 8.70
Ghotki 0.25 . 4.78 94.97 102969 7.26
K hairpur East 4.00 46.94 49.05 29776 2.10
Khairpur We 3.60 24.23 7217 44137 in
Lined Channel 0.37 24,12 75.52 76019 5.36
[Nara 0.06 383 96.10 364088 25.66
North West 0.46 8.10 91.43 46254 3.26
Pinyari G.16 12.94 86.90 157343 11.09
Rice 0.57 20.36 79.07 11174 0.79
Rohri 0.18 5.42 97.98 390534 27.53
Sindh 0.27 5.88 94.80 1418814 100.00

CAI+NSA-GCA
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From the measures of inefficiency, it is observed that cropping intensities of the net cultivated area
can be improved. The additional area, which can be cropped through the intensification of cropping
is given in Table 50. At the aggregate level, the additional croppable land through the improvement

in cropping intensity was determined to about 1 .42 Mha; the major contribution being from the
medium and large farm holdings.

D. Measurement of Inefficiency in Total Land Use in the Sindh Province

The analysis also computed the indices to measure the inefficiency in total land use by combining
the inefficiency in cropping intensity with the culturable waste area (CWA). These indices have been
computed at the Sindh and canal command levels by incorporating the CWA into the above
inefficiency in cropping intensity (Tables 49 & 50). The indices show similar trends in the
distribution of inefficiency in total land use among different farm categories as are reported in Tables

51 and 52 for the measures of inefficiency in cropping intensity and the additional net cultivated area
in the Sindh Province.

Tables 51 & 52 show the indices computed for the percentage distribution of additional croppable
land through improvement in culturable waste areas at the Sindh and canal command levels. For the
Sindh Province, about 1.94 Mha of additional land can be brought under the croppable area through

improvement in the culturable waste areas. Again, the major contributors are the medium and large
farm holdings.

E. Cropping Potential of Culturable Waste Area in the Sindh Province

By using the above measures of inefficiency, the total land loss is computed at the Sindh and canal
command levels (Table 52). The total increase in cropped area at the Sindh level, by making
improvements in the cropping intensity and by bringing in the additional area from culturable waste
lands, amounts to 1.94 Mha, which is about 56 percent of the total croppable area. Out of this
potential recovery, 28 percent is from the improvement in cropping intensity and the remaining area
comes from culturable wastes.
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Table 51. Measures of Inefficiency in Total Land Use across Farm Size Groups and Canal
Commands in the Sindh Province.

Farm Size
Canal Command Srmall Mediam Large Total
Begari 5.21 10.91 24.60 23.73
Dadu 15.18 11.78 35.97 22.29
Desert 7.59 7.10 20.25 19.30
Fuleli 31.36 42.21 50.20 48.03
Ghotki 4.94 9.76 45.17 37.49
Jamrao 11.45 31.33 4997 48.98
Khairpur East 6.12 16.23 31.28 17.97
Khairpur West 15.80 18.62 36.97 28.32
Lined Channel 33.38 50.48 52.92 52.31
[Nara 15.69 39.99 48.29 47.90
North West 10.14 14.49 40.68 36.17
Pinyari 32.26 45.08 61.71 59.14
Rice 1.05 7.35 37.36 28.81
Rohri 12.84 22.98 48.27 45.10
Sindh 9.55 20.59 41.50 38.88

(CAI+NSA+CWA)
(CAHNSA+CWA-GCA)

Table 52. Percentage Distribution of Additional Croppable Land through Improvement in the
Culturabie Waste Area across Canal Commands in different Farm Size Classes.

Canal Commands Farm Size Overall All group Percentage
Small Medium Larpe Distribution

Begari 0.16 2.46 97.38 80861 4.16
Dadu 7.36 18.33 74.31 54575 2.81
Desert 0.8 2.5 97.33 30461 1.57
Fuleli 0.79 .32 91.72 173188 8.91
Ghotki 0.29 5 94.71 138065 7.10
Khairpur East 4.4 60.33 35.26 39343 2.02
Khairpur We 4.49 24.48 71.68 55356 2.85
Lined Channel 0.22 21.47 78.31 115162 592
Nara 0.06 327 96.67 422784 21.74
North West 0.27 6.39 93.52 111833 5.75
Pinyari 0.38 10.81 88.81 191230 9.83
Rice 0.15 6.02 93.83 60511 3.11
Robri 0.13 4.8 97.7 471442 24.24
Sindh 0.24 5.39 93.17 1944812 100.00

(CAI+NSA+CWA-GCA)
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¥, Additional Production Potential in the Canal Command Areas of Sindh

Tables 53 and 54 provide the estimates regarding the distribution of area under different crops with
respect to the GCA in the Sindh Province. It shows that on the average, about 29, 24, 18 and 8
percent of the GCA, respectively, fall under the wheat, rice, cotton and the sugarcane crops in the
Sindh Province. If this proportion of distribution is maintained, then, from Table 54, about 0.55 Mha
will be cultivated under the wheat crop, 0.463 Mha will be cultivated under the rice crop and the
average area under the cotton and the sugarcane crops will be 0.336 and 0.155 Mha, respectively.
The major contribution is coming from the canal commands of the Rohri, Nara, and Ghotki Canals
and Lined Channel, which are the major contributors in the area for the wheat crop.

Tabie 53. Percent Share of Major Crops in Total Cropped Area across different Canal

Commands of the Sindh Province.

Canal Command Cotton Rice Sugarcane Wheat
Began .00 54.25 00 2791
Dadu 81 46.07 6.11 32.23
Desert 00 50.27 00 33.66
Fuleh 1.30 37.55 2741 13.51
Ghotki 42.72 4.16 2.27 43.72
Jamrao 31.17 59 9.50 3571
Khairpur East 30.37 425 4.96 38.50
Khairpur West 10.12 6.04 8.94 28.73
Lined Channel 2.49 29.79 39.52 14.25
Nara 3779 1.06 4.34 3498
North West 52 57.45 70 15.64
Pinyari 00 40.09 3438 11.26
Rice 00 51.39 00 15.70
Rohri 29.61 2.68 15.15 33.30
Sindh 17.71 2445 8.16 28.98
Table 54. Potential Increment in Area under Major Crops (ha).

{{Canal Command Cotton Rice Sugarcane Wheat
Begari 43869 22564
Dadu 440 25143 3336 17588
Desert 15313 10253
Fuleli 2248 65035 47464 23389
Ghotki 58984 5742 3129 60366
Khairpur East 119350 1670 1953 15147
Khairpur West 5002 3345 4947 15902
Lined Channel 39334 927 8261 40744

ara 10510 125960 167093 60239
North West 585 64244 780 17491
Pinyari 76657 65749 21528

ice 31099 9503
Rohri 139611 120641 71403 157001
Sindh 335839 463651 154740 5495558

In consideration of the existing average yields of the four major crops (Table 55), Table 56 estimates

the potential productivity of these crops in the Sindh Province. It shows that by increasing the
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cropping intensity of the existing cultivated areas and by bringing the culturable waste under
cultivation, the canal command areas of Sindh have the potential to produce 1.11 million metric tons
of wheat, 1.66 million metric tons of rice, 0.579 million metric tons of cotton and 10.34 million
metric tons of sugarcane.

Table 55. Existing Yields of Major Crops in Canal Commands of Sindh (1997-98) (tonv/ha).

Cotton Rice Sugarcane Wheat
Begari 0 3.506 0 1327
Dadu 0 3.944 61.997 1.926
Desert 0 3.764 0 1.348
Fuleli 1.778 3.284 62.208 1.835
Ghotki 1.663 2.688 77.187 2.105
Khairpur East 1.4 2.201 65.962 2.299
Khairpur We 1.051 3.188 56.261 2022
Lined Channel 1.551 3.058 62.686 1.682
Nara 2.051 3.631 69.16 2.394
North West 0 3.617 50.223 1.478
Pinyari 0 2.495 68.419 2.097
Rice 0 4.399 0 1.209
Rohri 1.689 3.498 71.529 2.563
Sindh 1.725 3.575 66.803 2.026

Table 56. Potential Increment in Production of Major Crops in Canal Commands of Sindh (ton).

Canal Command Cotton Rice Sugarcane ‘Wheat
egarl 1538006 29945
Dadu 99165 206832 33875
Desert 57638 13821
Fuleli 3997 213574 2952025 42919
Ghotki 98091 15434 241499 127071
Khairpur East 16730 3677 128833 34822
Khairpur West 5888 10664 278337 - 32154
Lined Channel 61006 2834 517836 68532
Nara 21556 457361 11556133 144212
North West 232369 39151 25852
Pinyari 191258 4498449 45143
Rice 136805 11489
Rohri 235802 44220 5107355 402394
Sindh 579448 1657553 10337101 1113398

Based on the additional cropping potential mentioned above, the question arises as to why the
farmers in the Sindh Province are unable to achieve this potential. Table 57 provides the reasons to
this effect, wherein the most dominant constraint at the farm level is the reported scarcity of
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irrigation water. This constraint is more severe in all of the three farm categories in the Faisalabad
District, where, on average, about 66 percent of the farmers reported shortages of irrigation water.
The second major reason reported by about 20 percent of the reported farm holdings, is the incidence
of salinity that depresses the cropping intensity on the farms. Another 10 percent of the farms

reported some other reasons (waterlogging, sodicity, mechanical breakdown of tractor/tubewell, non-
availability of credit, etc.) for maintaining failow farm land.

In total, about 13 percent of the farms responded that they have a cropping intensity of about 200
percent and never kept the land fallow. Most of these respondents were small farmers who are
located either on the head reaches of the watercourses, or have access to groundwater of good
quality, which helps them to cultivate two crops per year.
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VII RESOURCE PRODUCTIVITY IN THE SINDH PROVINCE

The regression models are used to estimate the resource productivity of the four major crops (wheat,
cotton, rice and sugarcane) raised on the sample farms in the Sindh Province. The Cobb-Douglas
production functions were developed and used for three types of data sets; (a) overall sample of all
farms at the Sindh level, (b) the selected sample from the Left and the Right Banks of the Indus
River and (c) the sample farms in each of the canal command levels, for each of the above-
mentioned crops. The results are presented in Tables 57-60 for the major crops. The generation of
these production functions was beset with specification problems since the true explanatory variables
had remissions in their certainty. Also, the presence of some implicit/joint production factors, such as
tubewell irrigation and farmyard manure, may not be fully explained by such analyses. However, in
order to avoid the mis-specification bias due to high multicollinearity (Madala 1988), the inter-

correlation amongst the explanatory variables was tested and no serious problem of multicollinearity
was found.

A. Regression Results for the Wheat Crop

1) Production Function Estimation for Wheat in the Canal Commands in Sindh

The estimates of the regression equations relating the LNYLDWHT with the LNCOFERT,
LNCOLAND, LNFSIZE, LNNOIRR and LNHOEING are given at the canal command levels in
Table 57. All the equations are having a high explanatory power (adjusted R2), ranged between 0.61
in the regression equation for the Rice Canal command area to 0.99 in the Ghotki, Lined Channel
and Rohri Canal command areas. In the Begari Canal command area, the regression equation is
statistically significant at the 99 percent level of confidence and the regression variables explained
the vartation in the wheat productivity by 90 percent. The regression coefficients show that the unit
increase in the LNCOFERT, LNCOLAND and LNNOIRR will increase the wheat productivity by
0.33, 0.52 and 0.40 percent, respectively. The LNFSIZE coefficient for the Begari Canal is
statistically significant at the 99 percent level of confidence and has an inverse relationship with the
wheat productivity on the farms located in the Begari Canal command area, The estimates of
regression coefficients show that the maximum response from the LNCOFERT coefficient on the
wheat productivity was seen in the farms located in the Fuleli Canal command area (0.88) when
compared to regression coefficients for the farms located on the canal command areas of the Begari
(0.33), Dadu (0.42), Desert (0.45), Ghotki (0.05), Jamrao (0.22), Khairpur E (0.16), Khairpur W
(0.39), Lined Channel (0.46}, North West (0.07), Pinyari (0.61) and Rohri Canals (0.40). In the case
of the LNCOLAND coefficient, the regression coefficients ranged between 0.02 in the Ghotki
command area to 0.91 in the Fuleli Canal command area. This shows that a unit increase in the cost
of land preparation will increase the wheat productivity by 0.51, 0.14, 0.49, 0.29, 0.91, 0.49, 0.72,
0.30, 0.49, 0.84, 0.42, 0.26, 0.61 percent on the farms located in the Begari, Dadu, Desert, Fuleli,
Ghotki, Jamrao, Khairpur E, Khairpur W, Lined Channel, North West, Pinyari, Rice and Rohn
Canal command areas, respectively. The regression results show that the LNNOIRR coefficient is
significant at the 99 percent level of confidence in the equations providing results from the Begari,
Dadu, Ghotki, Jamrao, Khairpur E, Khairpur W, Northwest and Rice Canal command areas.
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Table 57. Regression Results Relating the Wheat Productivity with Dependent Variables across
Farm Areas in Sindh (1997-98).

L (Constant) [LNCOFERT |LNCOLAND JLNFSIZE JLNNOIRR [LNTOEING 1A 1 Trcae —Tor

Began 1677 | RN 0517 EICTY R [ Y7} 0907 (283314 |116
{0.341) " |(0.060) (0.067) 0.328)  |(0.103)

[Dadu 3.081 [0az0 0.140 0.256 0.844 (34431 |4
©.701)  |(0.113) 003 10.143)

[Descrt 0870 [oaso 0.490 0911 [242.181 |47
{03747 |(0.0TD 0.077)

[Fureny 0.256 0.882 0.201 0.974  |836.485 |44
0210y |00 (0.083)

Ghotki 0231 0.052 — [0.978 0203 [0.134 [0985 [2946.808 {179
(0.096)  [0.021) (0.028) (0.688)  |(0.029) ,

Jarmrao 1.600 0.223 0.491 0975 |0.589 0937 (460,337 [125
0.276)  [(0.108) (0.120) 272)  |(0.10%)

Khairpur East |0.802 0.161 0.729 0.181 0,894 [210.013 |74
©393)  [(0.080) (6.067) {0.089)

Kharrpor West |1 787 0.39% 0.305 0307 |0.180 G951 [2z1094 |37
0522) [0\ 0.10%) @165 |(0.073)

Lined Channel [0.0006 0.465 (.49% 0.990 [4145.822 |35
(C.080)  10.152) ©.159)

[North West  [0.643 [oo73 0.840 0.137 0,100 10936 {373.107 101
(0251} [(0.000) {0.048) @055y [[0o6h)

[Pinyari 0412 0.613 0428 _ 0937 [90413 |12
(0.678) _ |(0.144) (0.173)

Rice 3917 0.200 0021 j0A3) 0.60% [29.594 |55
0462) 0.067) 028 [0.136) '

o 0,326 0.302 0615 L3RI 0987 (6524606 [248
0079 [0.041) (0.044) M.093)

Right Bank | 1.038 0.140 0.689 0,540 0.297 0876 |612.602 [347
@191)  [(0.025) (0.029) .169) {0.055)

Lelt Bank 0.480 0.158 0.760 0350 [0.199 0973  |798t.253 (871 |
©.062)  [(0.018) 0.022) 0059)  |(0.024)

Sindh 0.767 0138 0.772 0312|0181 [0.983  (5003.083 |1219
(0.074) (0.014) (0:016) (OGo8)y  [(0.024)

Note: Figures 1n parenthesis are the standard errors.
These results show that a one percent increase in the LNNOIRR will increase the productivity of
wheat by 0.40, 0.25, 0.13, 0.58, 0.18, 0.18, 0.13 and 0.43, respectively, on the farms located in the
Begari, Dadu, Ghotki, Jamrao, Khairpur E, Khairpur W, North West and Rice Canal command
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areas, The regression results for the LNFSIZE coefficient show that it is negative and statistically
significant at the 99 percent level of confidence on the farms located in the canal command areas of
Begari, Ghotki, Jamrao, Khairpur W, Rice and Rohri Canals. The LNFSIZE coefficient shows that a
one percent increase in the farm size lowers the wheat productivity by 0.96, 0.20, 0.97, 0.30, 0.02,

and 0.38 percent, respectively, on the farms located in the canal command areas of Begari, Ghotki,
Jamrao, Khairpur W, Rice and Rohri Canals.

2) Production Function Estimation for Wheat on the Left and Right Banks of the Indus River

The regression results for the sample farms from the Right and the Left Banks of the Indus River are
given in Table 57. The results showed that LNCOFERT, LNCOLAND and LNFSIZE were
significant at the 99 percent level of confidence on both, the Right and the Left Banks of the Indus
River in the Sindh Province. The coefficient for hoeing LNHOEING is statistically significant at the
99 percent level of confidence in the regression equation for the Right Bank only. The explained
variation {shown by the Adjusted R?) in the models is about 0.87 and 0.97 for the sample farms on
the Right and Left Bank areas, respectively. The coefficients for LNWEDING and LNNOIRR were
not significant for the farms on the Right Bank. On the Right Bank farms, a unitary increase in the
LNCOFERT and LNCOLAND increases the wheat production on the farm by 0.14 and 0.69
percent, respectively. While, a one percent increase in the LNCOFERT and LNCOLAND in the Left
Bank area increases the wheat production by 0.16 and 0.77 percent, respectively. In the case of the
LNFSIZE coefficient it has a negative sign and the inverse relationship between farm size and wheat
productivity is stronger (-0.54) on the sample farms located on the Right Bank when compared to the
Left Bank area (-0.35). This means that if the farm size increases by one percent the ‘wheat
productivity will decrease by 0.54 percent on the Right Bank, when compared to a 0.35 percent
decline in wheat productivity on the farms located on the Left Bank area. The LNNOIRR coefficient
shows that in the case of the farms located in the Left Bank area, a unit increase in the trrigation will
increase the wheat production by 0.19 percent, while on the Left Bank area the LNNOIRR has no
significant impact on the wheat productivity.

3) Production Function Estimation for Wheat in the Sindh Province

The regression results for the cumulative sample information are summarized in Table 57. The
Cobb-Douglas model for wheat contains six independent variables, i.e. land preparation cost
(LNCOLAND), fertilizer cost (LNCOFERT), farm size (LNFSIZE), irrigation number (LNNOIRR),
weedicide cost (LNWEEDC), and the number of hoeing (LNHOEING); the dependent variable was
the average yield of wheat per farm (LNYLDWHT). The overall equation, as well as the explanatory
variables, were significant at the 99 percent level of confidence (R = 0.94). The estimated
coefficients showed that irrigation, cost of land preparation, farm size and fertilizer costs were the
main source of variation in the wheat production in the Sindh Province.

The clasticity coefficients showed that a one percent increase in the (LNCOLAND), LNCOFERT,
and LNNOIRR augmented the wheat production by 0.77 percent, 0.14 percent and 0.18 percent,
respectively. The coefficient for the farm size was also statistically significant at the 99 percent level
of confidence and has the negative sign, which shows that a one percent increase in the farm size
reduces the wheat production by 0.31 percent. The sum of the elasticity coefficients (0.77) showed
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decreasing returns to scale for wheat production in Sindh. The regression results, once again,

confirmed the existence of the inverse farm size and productivity relationship in the Sindh Province
even durtng 1997-98. '

The most plausible reason for the low productivity of the LNYLDWHT is that on the majority of the
farms the agriculture is done by the Haris (tenants), who use the traditional methods of ploughing
through bullocks. They used the maximum of their efforts to plough the fields in the best possible
way, which may be one of the reasons for a high coefficient of LNCOLAND. But, they reported
having no access to modern equipment and machinery to plough their fields according to the
required numbers and ways, which may have resulted in an overall low wheat yield per farm in the
Sindh Province. The productivity coefficients for the LNCOFERT and LNNOIRR were also less due
to modest applications of these inputs for two reasons: either, the required fertilizer/irrigation was
not available in a sufficient quantity at the time of application, or if available, due to the shortage of
the irrigation water/ credit available with the farmers, the farmers did not apply those fertilizer inputs
in the required quantity. The coefficients for the hoeing (LNHOEING) and weeding (LNWEDING)

came out to be non-significant, showing that hoeing and weeding activities do not significantly affect
the wheat yields on the sample farms in the Sindh Province.

B. Regression Results for the Cotton Crop

1) Production Function Estimation for Cotton at the Canal Command Level

The cotton crop is only reported by the farms located on the Left Bank of the river Indus in the Sindh
Province. The farm areas report that cotton production includes the canal command areas of the
Fuleli, Ghotki, Jamrao, Khairpur E, Khairpur W, Lined Channel, Nara and the Rohri Canal
command areas. The Regression results for the cotton crop at these canal command areas are shown
in Table 58. In the case of the regression results for the farms located in the Fuleli Canal, only the
coefficient for LNCOFERT came outl 1o be statistically significant at the 99 percent ievel of
confidence with an explanatory power of 0.98. The LNCOFERT coefficient for Jamrao, Khairpur
W, Lined Channel and the Rohri Canal are statistically significant at the 99 percent level of
confidence and have the values 0.08, 0.76. 0.73, and 0.32, respectively, The coefficient for
LNCOLAND came out to be significant at the 99 percent level of confidence only for the farms
located at the Ghotki, Jamrao, and Nara Canal command areas, and have a value of 0.28, 0.08 and
0.38, respectively. This shows that a one percent increase in the investment on land preparation will
increase the cotton production by 0.28, 0.08 and 0.38 percent in the Ghotki, Jamrao and Nara Canal
command areas, respectively. Contrary to the LNFSIZE coefficient in the wheat crop, the LNFSIZE
in the cotton production is non-significant in the regression equations, except in the case of the Rohri
Canal, where it 1s statistically significant at the 99 percent leve!l of confidence and has a positive
relationship with the cotton productivity. It shows that a one percent increase in the farm size on the
cotton producing farms located in the Rohri Canal area experience increases in cotton productivity
by 0.53 percent. Table 58 shows that the coefficient for LNNOIRR was statistically significant at the

99 percent level of confidence in the regression equations for the Ghotki, Jamrao, Khairpur E, Nara
and Rohri Canal command areas.
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Table 58. Regression Results Relating the Cotton Productivity with Dependent Variables across
Farm Areas in the Sindh Province (1997-98).

{Constant) [LNCOFERT]LNCOUAND| LNFSIZE ] LNNOIRR [ LNWEDIN | LNCOPE | Ad) R2] F<ala | DI Tota)

Fulelt 0.249 0.903 0983 | 20476 | 5
0459 0053

otk 0350 0285 0175 0089 | 03353 | 08% |31395] 155
0.404 0074 {104 0(1L.040 0.076

Tamrao T04% 0.082 GOR3 0.28% U637 | 0025 | 34743 | 112
(.424 0.037 0040 0.075 0.0169

[Khairpur East 5H16 | HoT] DR8Z ) 23T [ 32
0153 0062

rl(hairpur West I.1o9 0.746 .740 | 40.77 14
T006 0117

[T-ined Channel R.752 0.737 0079 (1485 0.904 | 2598 8
2029 0.209 0038 0.024

Nara T032 0387 0.267 0343 | 0.94% | 60561 | 99
0505 010 0.09% 0107

Rohri 971 0320 0053 | 0.26 0295 | 0.910 | 51095 | 205
0358 0.062 0031 0051 0058

Teft Bank 2159 0044 000G 0060 | 0284 0470 | 0.903 | F189.90| 637

Sindh 1.184 0.022 0.031 0018 [IXiF3] 0.029

Note: The figures in parenthesis are the standard errors.

The table shows that a unit increase in the LNNOIRR will increase the cotton productivity by 0.11,
0.28, 0.96, 0.27 and 0.26 for the farms located in the Ghotki, Jamrao, Khairpur E, Nara and Rohni
Canal command areas, respectively. Table 58 shows that the regression coefficients were only
statistically significant at the 99 percent level of confidence for the Ghotki Canal and Lined Channel,
and have the values of 0.09 and 0.79, respectively, in the cases of farms raising cotton. The variable
for the cost on plant protection (LNCOPP) came out 10 be statistically significant in the regression
equations, depicting regression results from the canal command areas of the Ghotki, Jamrao, Lined
Channel, Nara and Rohri Canal command areas. The LNCOPP coefficient shows that a one percent
increase in the investment on the plant protection measures in the cotion crop increases the cotton
production by 0.55, 0.63, 0.48, 0.34 and 0.29 percent on the cotton producing farms in the camal
command areas of the Ghotki, Jamrao, Lined Channel, Nara and Rohri Canal.

2) Production Function Estimation for Cotton in the Left Bank of the Indus River in the
Sindh Province

The regression equation for the production function relating the LNYLDCOT and the dependent
variables for the sample farms raising cotton in the Sindh Province is given in Table 58. The overall
model 1s statistically significant at the 99 the percent icvel of confidence. The value of the adjusted
R? reveals that the included variables cxplain about 90 percent of the variation in the model. All the
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coefficients in the model have the expected sign and the magnitude, and are statistically significant at
the 99 percent level of confidence, except the LNWEDING, which turns out to be non-significant.
The LNCOPP coefficient has a positive sign and shows that a one percent increase in the
expenditure on insect Pest control increases the production of the cotton crop by 0.47 percent.
Contrary to Chaudhary” (1997), the LNCOLAND coefficient depicts that a one percent increase in
the cost of land preparation increases the cotton yield only by 0.06 percent. The LNNOIRR shows
that a unit number of irrigation increases the yield of cotton by 0.28 percent. Dinar et. al (1986) and
Bajwa et. al (1992) have also explained the harmful effects of the bad quality groundwater when
used for irrigation. Contrary to the wheat crop, the LNFSIZE coefficient in this case shows a positive
relationship between the farm size and the cotton production. It shows that a unit increase in the farm
area will increase the cotton production by 0.06 percent. The sum of the regression coefficients

comes out to be 0.92, depicting that decreasing returns to scale in cotton production prevails on the
sample farms in the Sindh Province.

C. Regression Results for the Rice Crop

1) Production Function Estimation for Rice in the Canal Commands in Sindh

The results of the Cobb-Douglas production functions for sample farms in the 12 canal commands
on the Left and the Right Banks of the Indus River in the Sindh Province are summarized in Table
59. Six independent variables, LNCOFERT, LNCOLAND, LNFSIZE, LNNOIRR, LNHOEING and
LNWEEDING were used to evaluate their impact on the productivity of the rice crop. In the case of
rice growing sample farm areas in the Begari Canal command, the coefficients for, LNCOFERT,
LNCOLAND, LNFSIZE, LNHOEING and LNWEEDING were significant at the 99 percent level
of confidence, respectively. From amongst the significant regression coefficients from the Begari
Canal command area, LNCOLAND had the highest value of 0.67 in comparison to LNCOFERT
(0.11), LNHOEING (0.21) and LNWEDING (0.115). The coefficient for farm size shows a negative
relationship between farm size and rice production on the sample farms in the Begari Canal
command area. The adjusted R shows that about 98 percent of the variation in the regression

equation for rice production in the Begari Canal command area is explained by the independent
variables included in the model.

In the case of the regression equation for the rice farms on the Dadu Canal command area, the value
of adjusted R2 is 0.84. The variables for LNCOFERT, LNCOLAND and LNWEDING coefficients
came out to be statistically significant at the 99 percent level of confidence. These coefficients show
that a one percent increase in the investment on LNCOFERT, LNCOLAND and LNWEDING will
increase the rice production by 0.311, 0.43, 0.34 percent, respectively. In the case of the regression
equation for the rice farms on the Desert Canal command area, the value of adjusted R2 is 0.98. The
vaniables for LNCOFERT and LNCOLAND coefficients came out to be statistically significant at
the 99 percent level of confidence. These coefficients show that a one percent increase in the

% Chaudhary M.M. (1997), “Cultivation of cotton in furrows” Agrevo Pakistan Ltd.
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Table 59. Regression Results Relating the Rice Productivity with Dependent Variables across |
Farm Areas in the Sindh Province (1997-98).

{Constant)[LNCOFERT] LNCOLAND LNFSIZ.'I':"r LNNOIRR [ LNHOEING LNE\PTEDIN Adj R2 F-'Cﬂh DF Totai
Begari 0.430 [AY] 0.678 -0.334 0.210 0.115 0.08%G | 2105.81 160
{0.108) (0.040) {6.043) {0.097) {0.119) {0.045)
Dadu (.394 01.311 0.4306 .345 0.847 48.99 26
(0.712) (0.125) {0.123) {0.163)
Desert 0285 030612 0.2311 0.980 [ 291493 60
(0.181) (0.019) (0.091)
[Futen 1.508 G381 0.455 3N 0.869 13539 [
(0.511) {0.108) (0.120} (0.233)
Ghoiki 233] 0.3R3 0.398 0.737 2623 I8
OR3) | (2D 10.129)
Jamrao 1.328 0.897 0.886 4741 6
(1.180) (0.130)
{Khwrpur tas
Khairpur We | 3.199 0.433 0518 0.909 51.00 10
(1.181) {0.208) (0.198)
Laned 0.011 .39 0.575 G.164 0171 0.997 381096 42
I("hannel
(0.060) (0.137) (0.150) (0.075) (0.043)
North West 0.55i 0.770 0.241 0.938 142767 190
(0.177) {0.063) {0.0606)
Pinyar 0.195 0.697 0918 24576 22
{0.057) (0.006)
Rice 6.12} 0.277 1170 0.091 .140 0.737 72.50 102
{0.448) {0.058) {0.205) (0.033) (0.066)
Rohri 0.465 | 1.069 -0.595 0.602 0.995 | 2436.09 IR
{0.143) {0.014) {0.177) (0.120)
Right Bank 0.094 0.487 0.514 -0.277 0.069 0.949 2537.11 542
{0.097) {0.035) {0.037) 10.074) (.01
Lett Bank 0.219 0.247 0.737 0.970 | 348873 218
{0.098) {0.036) (0.037)
Sindh 0.594 0.405 0.596 -(1.340) 0.08% 0.956 761
{0078) | (0.020) 0.02%) | (0065 | (0.018) '

Note: The figures in parenthesis are the standard errors.

investment on LNCOFERT and LNCOLAND will increase the rice production by 0.3612 and
0.2311 percent, respectively.
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In the case of the remaining regression equations for other canal command arcas, the value of the
adjusted R?, from 0.73 in the case of the Fuleli and the Rice Canals to 0.99,in the case of the
regression cquation for the Lined Channcl command arca. The LNCOFERT coefficient was
statistically significant at the 99 percent level of confidence in the regression equations for the canal
command areas of Fuleli, Ghotki, Khairpur West, Lined Channcl, Pinyari and Rice Canals. The
LNCOFERT coefficients in these equations are 0.38, 0.38, 0.433, 0.396, 0.77, 0.19, and 0.277 for the
canal commands of Fuleli, Ghotki, Khairpur West, Lined Channel, Pinyari and Rice Canals,
respectively. The LNCOLAND cocfficient was statistically significant at the 99 percent level of
confidence in the regression equations for the canal command arcas of the Fuleli, Ghotki, Jamrao,
Lined Channel, North West, Pinyari and Rohri Canals. The LNCOLAND coeflicients in these
equations are 0.455, 0.398, 0.897, 0.575, 0.241, 0.697 and 0.697 for the canal command areas of the
Fuleli, Ghotki, Jamrao, Lined Channel, Northwest, Pinyari and Rohri Canals. For the respective farm
size differentiation in canal commands, the farm size and productivity relationship was negative and
statistically significant at the 99 percent level of confidence in the canal commands of Begari (-
0.334), and Rohri Canal (-0.595) arcas. A positive and statistically significant (at the 99 percent level
of confidence) relationship is observed in the case of the Fuleli (0.391) and the Rice Canal (1.17)
command arcas. The coefficient for the irrigation came out to be statistically significant at the 99
percent level of confidence only in the regression equations for the canal command areas of Khairpur
West (0.518), Lined Channel (0.164) and Rice Canal areas (0.091). The coeflicient for weeding was
only significant in the canal command arcas of the Begari, Dadu, Lined Channel, Ricc and Rohni
Canal areas. The estimated coefficients show that a unit increase in the expenditure on weeding
increascs the rice production by 0.115, 0.345, 0.171, 0.146 and 0.602 percent in the canal command
arcas of the Begari, Dadu, Lined Channel, Rice and Rohn Canal areas, respectively.

2) Production Function Estimation for Rice in the Left Bank of the Indus River in the Sindh
Province

Table 59 shows that in the case of the regression equations for the pooled data of rice farms on the
* Right and the Left Banks of the Indus River in the Sindh Province, the explained vanations in the
dependent variables came out to be (.94% and 0.97, respectively. In the case of the Left Bank, only
two regression coefficients, LNCOFERT and LNCOLAND, turns out to be statistically significant at
the 99 percent level of confidence. These coefficicnts show that a one-unit increase in the
expenditure on the fertilizer and land preparation will increase the rice production on the sample
farms by 0.24 and 0.73 percent, respectively. Once again, similar to the results of Mustafa (1991)
and Ali (1989), the sum of production clasticities showed that decreasing returns to scale prevail in
the rice production on the farms in the Sindh Province (by+b; = 0.97). In the casc of the Right Bank,
the cocflicicnts for LNCOFERT. LNCOLAND and LNNOIRR camec out to be statistically
significant at the 99 percent level of confidence. These cocfficients show that a one-unit increasé in
the respective variable will increase the rice production on the sample farms by 0.48, 0.51 and 0.069
percent, respectively. The LNFSIZE coefficient shows a negative and statistically significant
relationship prevailing on the Right Bank of the river Indus. It shows that a one percent increase in
the farm size leads to a decline in the productivity of nice, by 0.277 percent.
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3) Production Function Estimation for Rice in the Sindh Province

The regression equation in Table 59 shows the result from the pooled data for sample farms growing
rice in the Sindh Province. The value of the adjusted R? is 0.95, which shows that 95 percent of the
variation in the rice production is capturcd by the included vanables in the equation. The
LNCOFERT, LNCOLAND, LNFSIZE and LNNOIRR tum out to be statistically significant at the
99 percent level of confidence. The equation shows that a onc percent increase in the LNCOFERT,
LNCOLAND and LNNOIRR results in the 0.405, 0.590 and 0.89 percent increase in the rice
production, respectively. The LNFSIZE cocfficient once again showed a negative relationship with
farm size and rice productivity. It shows that a onc percent increase in the farm size leads to a
reduction in the rice yicld by 0.34 percent.

D Regression Results for the Sugarcane Crop

1) Production Function Estimation for Sugarcane in the Canal Commands in Sindh

Table 60 presents the regression estimates for equations from the sample farms growing sugarcane in
different canal commands of the Indus River in the Sindh Province. Overall, the equations are
statistically significant at the 99 percent level of confidence. The adjusted R? for the regression
equations arc 0.99, 0.917, 0.91, 0.96, 0.80, 0.86, 0.92, 0.92, 0.83, 0.96 and 0.94 for the canal
commands of the Dadu, Fuleli, Ghotki, Jamirao, Khairpur (E), Khatrpur (W), Lined Channel, Nara,
North West, Pinyari and Rohri Canals, respectively. The LNCOFERT coefficient was statistically
significant at the 99 percent level of confidence in the regression equations for the canal commands
of the Dadu, Fuleli, Jamrao, Khairpur (E), Khairpur (W), Lined Channel, Nara, North West, Pinyan
and Rohri Canals. The LNCOFERT coefTicient has the values of 0.95, 0.294, 0.711, 0.63, 0.59, 0.42,
0.15,0.911, 0.523, and 0.053 for these canal commands, respectively. This means that a one percent
increase in the expenditure on fertilizer increases the sugarcane production on the sample farms in
the Dadu, Fuleli, Jamrao, Khairpur (E)., Khairpur (W), Lined Channel, Nara, North West, Pinyari
and Rohri Canals by 0.95, 0.294, 0.711, 0.63, 0.59, 042, 0.15, 0.911, 0.523 and 0.653 percent,
respectively. The regression results show that the LNCOLAND s statistically significant in the
regression cquations for the canal command arcas of the Dadu, Fuleli, Ghotki, Lined Channel, Nara
and Pinyari Canal command arcas. The estimated regression cocfficients show that a unit increase in
the cost of land preparation increases the sugarcane production by 0.06, 0.87, 0.38, 0.7 and 0.206
percent, respectively, in the canal command areas of the Fuleli, Ghotki, Lined Channel, Nara and
Pinyari Canals. In the case of the Dadu Canal command area, the regression LNCOLAND
cocfficient has a negative sign (-0.58) and is statistically significant at the 99 percent level of
confidence. Table 60 shows that the LNNOIRR cocfficient is statistically significant at the 99
percent level of confidence 1n the regression equations for the canal commands of the Dadu, Fuleli,
Jamrao and Rohri Canal commands. The regression cocfficients have the values of 0.256, 0.491,
0.206 and 0.315 for the canal commands of the Dadu, Fuleli, Jamrao and Rohri Canal commands,
respectively. The LNCOPP coefficient is statistically significant at the 95 percent level of confidence
for the regression equation in the Pinyari Canal command only, and has a value of 0.08. The
LNHOEING coefficient is significant at the 99 percent level of confidence in the canal command
arca of Khairpur East and the Lined Channel and has the values of 0.067 and 0.214, respectivcly.
The cocfficient for LNWEEDING turns out to be significant in the regression cquations for the canal
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commands of the Dadu, Khairpur East and Pinyari Canal command areas. The respecﬁve values of
the regression coefficients turn out to be 0.48, -70 and 0.33 in the canal commands of the Dadu,
Khairpur East and Pinyari Canal command areas.

Table 60. Regression Results Relating the Sugarcane Productivity with Dependent Variables
across Farm Areas in the Sindh Province (1997-98).
Constant [LNCOFER |LNCOLAN | LNFSIZE | LNNOIRR | LNCOPF | LNHOEING |LNWEDIN| Adj R2 | F-Cala | DF Totl

Dadu 6979 O.‘?rﬁl) -U.I;SJ .01 0.256 0.430 0997 | 42470 7
(1.052) | (0.105) (0.139) (0.003) ((L.049) (0.141)

Fuleli 6.738 0.294 0.065 (1.000 0401 0917 | 14207 51
(0.551) | (0.08%) (0.029) {0.000) (0.070)

Ghotki 4518 0.871 0951 | 195.05 ]9
{0.580) {0.062)

Jamrac 4115 0.711 0.200 0960 | o81.32 56
(0.536) | (0.089) (0.090)

Khairpur 5357 0.630 0.679 0.709 0.800 | 25.053 18

= (1.637) | (0.195) (0.140) (0.39h) -

K hairpur .20+ 0.590 0.860 | 10575 17

West
(0.883) | (0.102)

Lined 4.012 0.424 0388 0.214 0.929 | 228.00 52

[ hamnel
(0.822) | (0.173) (0.168) 0.096)

Narz 1719 0.153 0.7 0.925 | 18562 30
(0.466) | (0.055) (0.077)

North West { 3,590 0911 0834 1 20.089 5
{1.679y | (0.i78)

Pinyari 4.403 0.523 0.268 0.000 0.080 0334 0963 | 100.37 19
(0.799) | (0.129 0.112) {0.000) (0.030) (0.087) ]

Rohri 4752 0.653 0.315 0.947 1 13105 146
(0.357) | (0.050) (0.055)

Right Bank | 4.587 0.670 0.329 0.957 | 14054 13
0.842) | (0.1206) (0.108)

Left Bank 0.688 0279 0.057 0.197 0.556 0.888 | 828.12 416
(0.184) | (0.029) {0.014) (0.092) (L.032)

Sindh 6.070 0.282 0.058 0.180 0.553 i 0.890 | 868.99 430

0.181) | (0.028) ©014) | 0080y | (0033}

Note: The figures in parenthesis are the standard errors.
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2) Production Function Estimation for Sugarcane on the Left and Right Banks of the indus
River
Table 60 shows the regression equations for the pooled data [rom the sample sugarcanc farms on the
Left and the Right Banks of the Indus River in the Sindh Province. The explained variation of the
included variables in both equations is 95 and 89 percent for the Right and Left Bank areas,
respectively. On the Right Bank of the Indus River only, two coefficients turn out to be significant at
the 99 percent level of confidence, and have the values of 0.67 and 0. 329 for LNCOFERT and
LNNOIRR, respectively. In the case of the Left Bank of the Indus River, the respective valués of the

regression coefficients are 0.279, 0.057, 0.197 and 0.556 for LNCOFERT, LNCOLAND, LNFSIZE
and LNNOIRR. :

3 Production Function Estimation for Sugarcane in the Sindh Province

The regression equation for the overall Sindh Province in Table 60 shows the adjusted R2 of the
equation is 0.89. The statistically-significant coefficients include LNCOFERT, LNCOLAND,
LNFSIZE and LNNOQOIRR, and have the values of 0.28, 0.058, 0.186 and 0.553, respectively. This
means that a unit increase in any of the independent variables increases the sugarcane production by
0.28, 0.058, 0.186 and 0.553 percent, respectively. Similar to the Left Bank for overall the Sindh

Province data, the regression equation shows a positive relattonship with the farm size and the
sugarcane production.
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VIII COST OF PRODUCTION AND RETURNS FROM MAJOR CROPS IN THE SINDH
PROVINCE (1997-98)

Tables 61-64 show the estimates of the variable cost of production, total income, gross margin/
ha, gross margin/M* of water, and gross margin/ man day of labor, from the production of wheat,
cotton, rice and sugarcane on sample farms in different canal commands of Sindh (the details are
given in Appendices B -E).

A. Cost of Production and Returns from the Wheat Crop

Table 61 depicts the cumulative variable cost of production, total income, gross margin/ ha, gross
margin/M3 of water, and gross margin/ man day of labor, from the production of wheat on the
sample farms in Sindh. This cost of production takes into consideration the SI and SII soil classes
on the farm (the detailed cost of production for wheat production across different canal commands
is annexed in Tables B1-B14). The return from crops depends not only on soil suitability, but other
factors also, like water scarcity, diseases and the inputs used, which may also affect the crop
productivity. Table 61 shows that the gross retumns from the wheat crop raised on the SI soils in the
canal commands of the Sindh Province ranged from Rs. 8,959/ha in the Rice Canal command area
to Rs 16,821/ha in the Fuleli Canal command area. In the case of the farm samples having the SII
soils types, the gross returns range from Rs 8,470/ha in the Rice Canal command area to Rs. 16,650
in the command area of the Rohri Canal. The total variable cost (for providing inputs in the farms
having SI soils) for raising wheat on the sample farms ranges from Rs. 5,093/ha in the Rice Canal
to Rs. 11,191/ha in the Fuleli Canal command area. The net returns from the wheat crop on the
sample farms in the S-1 soils ranged from Rs. 1,926/ha in the Lined Channel command area to Rs.
8,544/ha in the Rohri Canal command area. Table 61 shows the nét returns from the wheat crop
production on the sample farms having the S-1I soil type, ranging from Rs. 2,627/ha in the Rice
Canal command area to Rs. 7,102/ha in the Rohri canal command area. The gross Margin/M3 of
water was the highest on the sample farms having the S-1 soils in the Rice Canal command area. In
the case of the sample farms having the soil S-I1, the gross margin /M3 was the highest (Rs 6.91) on
the farms that produce wheat in the canal command of the Khairpur East Canal. Table 61 also
shows the gross margin per unit of labor on the sample farms having the S-1 soil category ranging
from Rs. 160/man/day in the canal command area of the Lined Channel to Rs. 717 in the command
area of the North West Canal. Table 61 also shows that the return from the wheat crop decreases as
the land class is switched from SIto SII in all the canal commands of Sindh, except in the Khairpur
East, Jamrao, and Lined Canal commands.
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“igure 6. Total Output, Total Cost and Gross Margins from the Wheat Crop (Rs/ha).
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In the case of the Khairpur East Canal command, the data showed that the total income from wheat
is comparatively less on the farms having SI soils when compared to the farms of SII soils. The
reason for this low yield may be attributed to the fact that in Khairpur East Canal command, 15.36
% of the cultivated area (having S! soils) on sample farms is under date-palm orchards and the
sample farms have about 8.55 percent of the cultivated area under SII soils. The low yield of the
wheat crop reported by the farmers is due to the practice of inter-cropping of wheat in the date-palm
orchards. the majority of the farmers reported that they focused their attention mostly on the date-
palm orchards (as it is the most profitable enterprise). The overall income from these plots of land
was reported higher, but since the wheat is sown as an inter-crop, its yield is low. The other reasons
for the comparatively lower yield (on the farms having the S-1 soil in the sample farms located on
the Jamrao and the Khairpur East Canal command areas) was reported to be the scarcity of
irrigation water. About 30 percent of the sample farms in these areas reported the scarcity of water
as a major reason for low wheat yield on their farms. There may be another reason that SI soils are
medium-textured soils with good permeability, whereas SII soils are medium-textured with a high
watertable having somewhat more water-holding capacity. So, in the case of water shortages, crops
in S-1 lands were affected more when compared to class S 11 lands. Similarly, in the Jamrao Canal
command area, above 40 percent of the sample farmers in classes S-1 and S II soils perceived
scarcity of water to be responsible for low yields. It is clear from Table 61 that the cost of
production for a hectare of wheat in areas imgated by the Began, Desert and Rice Canals is less
when compared to other areas. It may be due to the fact that in these areas, the farmers just
broadcast the wheat seed in wet paddy soils, normally, with zero tillage. Another reason for the low
cost for raising the wheat crop in these areas may be that the farmers could provide only one
irrigation to the wheat crop, which lowers the level of fertilizer and inputs.

B. Cost of Production and Returns from the Cotton Crop

Table 62 provides the cumulative figures on the cost of production, gross revenue, gross margin, net
returns’ha, Gross margin / M3 of water and gross margin/man-day of labor employed in the cotton
production on the sample farms in the S-1 and S-I1 soil categories (the detailed calculations are
given in Appendices C1-C8) from a hectare of cotton crop. Retums from cotton range from Rs.
21,126 in the Khairpur East Canal command to Rs. 46,100 in the Nara Canal command. The highest
returns come from the Nara Canal command area, which is a wheat-cotton area. The Nara Canal is
not only on the top due to its high output but also to its gross margins. The gross margin is quite
low in the Khairpur West Canal command, as 1s output. As far as the gross margin per cubic meter
of irrigation water is concerned, returns are the highest (Rs. 9.3) in the Fuleli Canal. The reason for
this may be that in the Fuleli Canal command the watertabie fluctuates more and crops need less
water. In the table it can be seen that returns are going to decrease as we shift from class Sl soils to
the following class. In the Fuleli and Khairpur West Canal commands there are some deflections
from the standard described above. Returns are more from Si soils when compared with SII soils. It
may be because the Fuleli Canal command watertable continues to fluctuate. So due to the
fluctuation in watertable, classes of soils may not at all prevail, but may change with variation in the
watertable depth. Thus, the contrast in retums is possible due to the disagreement in the time of the
interview and survey undertaken by the soil survey team. Gross margins per man-day of labor range
from 208 in the Khairpur West Canal command for cotton to 792 in the Rohn Canal command. In
the Khairpur West Canal command, the output is very low, although laborers have to work the same
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hours as in other canal commands. Therefore, gross margins in those farms located in the Khairpur
West Canal command are very low for the labor input.

Figure 7. Total Output, Total Cost and Gross Margins from the Cotton Crop (Rs./ha).

Gross Morgin per hectare of Cotton Total Cost per hectare of Cotton
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Table 62 shows the total income is comparatively more in areas irrigated by the Nara and Jamrao
Canals when compared to other canal commands. In most of these canals the cropping pattern is
cotton after cotton. Farmers continue picking cotton for nine months, and the cotton crop remains

standing in the field up to February. So, the yield of cotton may be more in that type of cropping
pattern,

C. Cost of Production and Returns from the Sugarcane Crop

Table 63 presents the statistics for the total income and net returns, gross margin, return per cubic
meter of irrigation water and returns for per man-day of labor gained by farmers in the survey,
from sugarcane crop production. The principle is the same as described for wheat earlier, i.c. the
trend in returns is downward from class SI to the next soil class (the detailed cost of production for
sugarcane production across different canal commands is annexed in Tables D1-D10). It the total
output ranges from Rs.4,654 per hectare to Rs.71,926 in the Nara Canal command area. Usually,
the total returns from sugarcane is more in SI soils than in SII soils, but a deviation may be seen
in the case of the Pinyari Canal command. In the Pinyari Canal command the returns are more in
soil class SIII (Rs.65,464) when compared to soil SI (Rs. 48,906). The reason is because the area
surveyed in the Pinyari Canal command comes under District Badin, which is the tail of the
Pinyari Canal. So, in those areas the water is generally scarce. Sugarcane is a high delta crop. Soil
class SIII falls under fine-textured waterlogged soil, which becomes useful for the crop in severe
water dearth. That is why the majority of the farmers (80%) in that area prefers to grow sugarcane
in SI1I soil class to derive the ease of subsoil-irrigation. Another reason for high returns in SIII is
that the farmers intensify more on land preparation and the application of pesticides when
compared with the SI class. There is another case of deviation present in the Nara Canal
command; the total income in SI soil class (this is more than SIII class, but its net returns,
because of a higher cost of production) has gone down. This means that an increased application
of inputs than required is going to decrease the net returns instead of increasing the output.

Table 63 indicates that the Ghotki Canal command has the highest net returns (Rs.43,273) from
sugarcane in SI soils, and the lowest in SIII soils when compared to other canal commands in the
survey. This means that a high watertable in the Ghotki Canal command adversely affects the
sugarcane yield. This is because of SCARP tubewell operations in some areas in the Ghotki Canal
command. Access to irrigation water is not a big problem, so most of the farmers prefer to grow
sugarcane in class SI soils instead of SIII soils.

The sugarcane crop yields the highest returns in the areas irrigated by canals on the Left Bank of
the river Indus. This is due to the fact that sugarcane is an annual crop, and demands irrigation
water around the year. The basis is that on the right side of the River Indus the sugarcane crop is
not supplied with the required irrigation water, particularly in the Rabi season. That is why the

yield, area cropped and returns from sugarcane are comparatively less on the Right Bank than on
the Left Bank.

Table 63 indicates that the cost of production in the Dadu and North West Canal im'gatéd areas is
comparatively less than in other canal commands in the survey. The total cost for a hectare of
sugarcane in the SI class ranges from the lowest figure of Rs.23,171 in the Khairpur West to the
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highest figure of Rs.34,057 in the Fuleli Canal. Whereas, for SIII this varies from Rs.20,640 in
the Khairpur West to Rs.31,681 in the Nara Canal. This is showing that farmers in the Fuleli_and

Nara Canals tend to spend the maximum money on a hectare of sugarcane, and the least in the
Khairpur West Canal command irrespective of soil classes.

In the Nara and Jamrao Canals output is the highest, but gross returns are the highest is in the
Ghotki Canal command area. As they invest less than for the Nara Canal and their total is not so

high, therefore, gross margins are higher in the Ghotki when compared to the Nara and Jamrao
Canal command areas. '

As far as the gross margins per cubic meter is concerned, the highest returns came from the Rohn
Canal command area. Trends in gross margins per cubic meter are different in soil types. The
highest in the Jamrao Canal command area, while the lowest is in the Pinyari Canal comimand
area. Gross margins per man-day vary in different canal command, and soil types. The highest is
in the Ghotki Canal command area, which is Rs.1,202 and the lowest in the Nara Canal in SI,
which is Rs.813. In SIII soils, this range varies from Rs.441 to Rs.911.

D. Cost of Production and Returns from the Rice Crop

Table 64 presents the results about costs, output, gross margins and returns for each cubic meter of
water and each man-day of labor. In the case of the total output, rice has quite a contrary response to
high watertable when compared to wheat, cotton, and sugarcane. Normally, most field crops are
avoided under undue exposure to the waterlogged soil conditions because of its adverse effects. But,
rice, due to its unique physiological characteristics, is, otherwise provided, artificially created under
waterlogged soil conditions, which proliferates growth and subsequently, high yield through
frequent watering and excess flooding. In complete negation of the trend in net returns observed in
the other crops, returns from rice are relatively higher in SIII soils when compared to the SI soil
class. SIII soils are heavy-textured with good water-holding capacity, which supports the rice

growth. That is why more than 65 percent of the rice growers prefer SlII soils for the rice crop
(Table 64). |

Gross margins per cubic meter of irrigation water is the least for the rice crop, because the rice crop
is a high delta crop requiring more water than other crops within a short duration (the detailed cost
of production for rice production across different canal commands is annexed in Tables E1-E14).
Abiana for rice crops is almost the same as that for wheat, and gross margins are not so high,
therefore, gross margin per cubic meter of water is the lowest for rice, which ranges from Rs.1 to
Rs.2 per cubic meter of water. The gross margin per man-day is the highest for the Rice Canal
(Rs.905) and the least for the Pinyari {Rs.146) Canal command area. A gross margin per man-day
of labor is usually more in SIII soils when compared to SI soils. The reason is that SIII soils are
somewhat waterlogged soils, which supports rice growth and gives good retumns. Similarly, gross

margins per man-day are more in canal commands where the output is very high, and low in low
productive areas.
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Figure 8. Total Cost, Total Output and Gross Margin From Sugarcane Crop (Rs./ha).
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Figure 9.Total Output, Total Cost and Gross Margin from the Rice Crop (Rs/Ha).
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IX CONCLUSIONS

The conclusions emerging from the study arc summarized below.

The study reveals that the total cultivated area in 13 districts amounted to 2.85 Mha out of
3.46 Mha of the farm area. There exists 0.566 Mha of land on agricultural farms that could be
cultivated, but is classified as culturable waste.

The main source of irrigation for agriculture is canal water. Out of the tota] of 3.18 Mha of
irrigated agricultural land, 2.66 Mha are irrigated with canal water.

In the study area, about 87 percent of the farms prefer to use canal water as a source of
irrigation. Only 1 percent of farms depends upon tubewell water and about 12 percent of
farms supplement canal water supply along with tubewell water.

This conjunctive use of water is duc to canal commands having some areas of groundwater,
which are less saline. According to WAPDA, the culturable command areas of the Nara,
Lined Channel, Fuleli and Pinyari Canals are having totally saline groundwater. Therefore,
none of the respondents in these canal commands irrigate their fields with tubewell water,
except the Khairpur East Canal command where only three farmers were found irrigating with
tubewell water by mixing it with canal water.

The study shows that 39 percent of farmers are satisfied with the current water supply. Also,

about 61 percent of sample farmers reported the shortage of irrigation supplies on their farms
in view of the current water supply.

Among other reasons for the shortage of irrigation water, the most conmon reason was that
they receive less water than allocated. The time allocated per unit of area is less than the time
required for filling it.

The survey resuls revealed that almost 58 percent of the farmers do not know the time exact
allocated for irrigation. They irrigate their fields whenever they need to. They do not apply the
warabandi system as followed in the Punjab Province. All of the farmers open their nakkas
simultaneously to irrigate their fields. Most of the time tail-enders are the main sufferers.

The second reason for the lack of knowlédge about the time allocated is that some large
farmers have their own watercourses to irrigate their fields. That watercourse is allocated to
one farm continuously. The tenants of the same landlord get water from the same watercourse

without any proportion and time, and they were unable to give any estimates about the time
allocation for their turn of water.

This practice is more common on the Right Bank of the Indus River, especially in the Begari,
Dadu and Rice Canal areas. Farmers reported having enough water in the Kharif and Rabi
seasons and they use the same moisture for wheat and sarsoon because soils in these regions
are fine-textured and can retain moisture for comparatively longer periods. The excess soil
moisture (at the harvest of the rice crop) is also reported to be a problem for wheat sowing, as
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soils do not come to the field capacity level for wheat sowing, and usually delays the wheat
sowing on the Right Bank of the Indus River.

o As far as the time required to fill one hectare is concerned, about 64 percent of the farmers
mentioned this time to be less than two-and-a-half hours.

e The survey results show that out of the total sample farms, about 8 percent of farms reported
using lift pumps to irrigate their fields, of which 16 farms are located on the Right Bank of the
Indus River, and about 117 farms on the Left Bank. Lifting irrigation water increases the cost
of irrigation and reduces the profitability of crops. The farmers in those regions where water

" is lifted reported that they avoid planting high delta crops.

e About 37 percent of farmers stated that the problem of water shortage is due to a lower
discharge in the distributary. The major reason for not using groundwater is its bad quality.

e In Sindh about 65 percent of the sample farmers were of the view that the watertable has
increased, which has worsened the problem of drainage on their farms.

e The survey results revealed that 11 percent of the farms adopt certain measures, but lack
resources or cooperation from other farmers to solve the drainage problem.

e The study shows that about 6 percent of the farms tricd to construct private drains, but the
neighboring farms were uncooperative. They were not even willing to allow these farms to
expel drainage water into the drainage system.

e The results show that the cropping intensity in Sindh varies from 105 percent in the Nara to
192 percent in the Rice Canal.

A) Mechanization

e About 100 percent of wheat threshing are reported to be done with the wheat thresher. The
Gobal is reported to be the main implement, used by 46 percent of farmers for land
preparation in the canal commands of the Left Bank of the Indus River. Of these users, 78
percent hired the Gobal, and only 22 percent used their own. -

e Farmers reported the use of the cultivator (Eleven-tined) on both sides of the Indus River in

the Sindh Province. About 81 percent of the sample farmers reported the use of the cultivator
to cultivate their fields.

¢ The Punj Phara is also used on the Right Bank of the Indus River (in the rice-wheat cropping
zone). Almost 67 percent of the sample farmers in the Sindh Province reported the use of the
Punj Phara for land preparation. The concept of using the Punj Phara is somewhat different on
both sides of the river Indus. On the Left Bank this implement is large in size and is used for
deep tillage, while on the Right Bank it is used as a cultivator.

120



The average wheat yield during 1995-96 on farmers’ fields in the Sindh Province was
recorded as 2.11 tons/ha, when compared to 5.02 tons/ha at the experimental stations.

During the survey, 44 percent of the farmers (mostly located in the canal command areas of
the Begari, Desert, Fuleli, Ghotki, Khairpur East, Khairpur West, Pinyari and Rice Canals)
regarded the high watertable to be the contributor towards the lower yields of wheat. About

23 percent of the farms regarded the scarcity of irrigation water 1o be the reason for the low
production of wheat on their farms.

The regression results show that in Hyderabad, Jaccobabad, Shikarpur, Larkana and Thatta
Districts, the increase in the wheat area is not accompanied by a consistent increase in
productivity that initially increased during 1970, and thereaficr, decreased between 1980 and
1990. In the casc of the Badin, Sanghar and the Sukkur Districts, the trend in the area under
wheat shows a decline during the period of 1980-90, and afterwards, the coefficient for the
area under wheat area increases. For the Larkana, Mirpurkhas, Nawabshah, Shikarpur and
Thatta Districts, the coefficients for the area under wheat consistently shows an increasing
trend during the 1990s.

The regression coefficients for the overall trend in the wheat yield showed an increase during
the 1980s in all of the districts, except Hyderabad, Jaccobabad, Shikarpur and Thatta. For the
Badin District, the coefficients for the wheat yields also depict a decline in productivity

during the 1990s due to the drainage problem, high watertable and the scarcity of irrigation
water at the tail end.

Regarding the cotton crop production, the results show that a stagnant production trend until
1991-92, replaced by an increasing trend afterwards, contributed in part by the variety of
improvements and more resolute pest scouting. The record level of production (1.86 million
bales) in the Sindh Province was attained during 1995-96, after about six years of the virus
attack.

The temporal comparison of the cotton yield across districts in Sindh shows an increasing
trend in cotton productivity over time during 1947-48 to 1994-95.in the districts of Khairpur,
Sukkur and Nawabshah.

The results show that the regression coefficient for the yield during the 1970s in the districts
of Badin, Hyderabad, Jaccobabad, Khairpur, Larkana, Nawabshah, Sanghar, Sukkur,
Tharparkar and Thatta are positive; however, it becomes negative in the districts of Badin,
Jaccobabad and Nawabshah during the 1980s. This rate of decrease further intensified in the
Districts of Badin, Hyderabad, Shikarpur and Tharparkar during the 1990s,

The regression coefficients for the arca under the cotton crop among all of the 13 districts of
Sindh showed an increasing trend during the 1970s, which was significant at the 99 percent
level of confidence. A declining trend in the cotton crop was observed for the Districts of
Dadu, Khairpur, Sanghar and Sukkur. For the Districts of Dadu and Sukkur, the coefficicnt
for the area was significant during the 1980s and showed a further declining trend during the
1990s with respect to area under cotton crop in the Districts of Dadu and Shikarpur.
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The total area under paddy in the Sindh Province was about 0.642 Mha, which was about
29.71 percent of the paddy area in Pakistan (2.161 Mha). About 1.697 MT of rice has been
produced from the Sindh area during 1995-96. The average yield was about 2.64 tons/ha.

The examination of estimated regression coefficients for the paddy yield in the equation for
the districts in Sindh showed that the per-unit paddy yield depicted an increasing trend from
the 1970s to 1990s, except for the Districts of Badin, Dadu, Jaccobabad and Tharparkar. The
regression coefficients for the yield during the 1980s and 1990s for the remaining districts are
statistically significant and had the positive sign.

The estimated regression coefficients for the paddy area in all the 13 districts have positive
coefficients that are statistically significant at the 99 percent level of confidence, showing that
during the 1970s the area had a positive relationship with the production of rice in the Sindh
Province. During the 1980s the regression coefficients for area in the Districts of Badin,
Nawabshah and Shikarpur showed a declining trend in the area under the cultivation of rice.

The Districts of Badin, Larkana, Nawabshah, Sanghar and Shikarpur showed a negative trend
during the 1990s.

The study shows that the acreage under the sugarcane crop in the Sindh Province has
expanded from 0.007 Mha during 1947-48 to about 0.254 Mha during 1995-96. The yield of
sugarcane has increased more profoundly than any other crops in Sindh. Its yield was 34 tons
in 1974-75. The average yield in 1994-95 was 57.3 tons per ha. This increase in yield could

be due to good climatic conditions, better management, high-yielding varieties and more
input. '

The regression results for all the districts of Sindh where grow sugarcane is grown, show an

increasing trend in the sugarcanc area that is offset by a declining trend in the area during the
1990s in the District of Khairpur.

Regarding the productivity of sugarcane, except for the Districts of Hyderabad, Jaccobabad,
Shikarpur and Sukkur, all the regression cocfficients for the yield during the 1980s are
positive and statistically significant at the 99 percent level of confidence. The regression

coefficients show that the sugarcane yield declined during the 1990s in the Districts of
Jaccobabad and Shikarpur.

At the Left and Right Bank area levels, as well as at the overall Sindh level, the postulated
direct relationship between farm size and culturable wastelands is empirically valid during the
time periods for the 1960s, 1970s, 1980s and 1990s (before, during and after the Green
Revolution/SCARP/drainage projects). The elasticity coefficients for the farm sizes in the
1960s are statistically significant in all of the 12 districts at the 99 percent level of confidence,
and have the positive signs. The magnitude of the coefficient for the farm area being greater
than 1 for all the districts show that a one percent increase in the farm size in these districts
led to more than a 1 percent increase in the CWA in the Sindh Province.
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The results show that for all the districts except Larkana and Shikarpur, the technology did
play a role until the 1980s in reducing the CWA. Afterwards, this role was non-significant in
reducing the CWA, as the 1990 intercept dummies were non-negative and significant at the 99
percent level of confidence for these districts.

The elasticity coefficients for the farm sizes showed a positive relationship between farm size
and the CWA in all of the districts. The results show that there was no significant change in
the relationship between the farm size and CWA in the districts of Badin, Dadu, Hyderabad,
Sanghar and Thatta when compared to clasticity coefficients for the farm sizes in the 1960s.

For the Jaccobabad and Sukkur Districts, the elasticity coefficients for the farm sizes during
the 1970s and 1980s showed an increasing trend in the CWA, with an increasing farm size
that further increased thereafier. In the case of the Nawabshah District, the coefficient shows
an increasing trend of culturable waste area until the 1980s, and afterwards, declines during
the 1990s. In the case of Districts Khairpur, Larkana, Shikarpur and Tharparkar, the study
shows a similar trend of CWA with respect to FAT during the 1960s, but this trend decreases
during the 1980s in the case of Khairpur and Shikarpur and further declines in the Districts of
Khairpur, Larkana, Shikarpur and Tharparkar.

The regression results show that the proportion of area under irrigation has a negative and
statistically significant (at the 99 percent level of confidence) relationship with CWA during
the 1960s in the Districts of Dadu, Khairpur, Larkana, and Sukkur and this relationship
becomes more negative afterwards during the 1980s and 1990s. In all of the other districts, the
elasticity coefficients for the proportion of irrigated areas on the farms were not significant.

The irrigation coefficient showed a positive relationship with the cropping intensity (CI), for
all the districts in all of the Sindh Province. During 1960 the irrigation regression coefficient
was positive and significant at the 99 percent level of confidence in the Districts of Badin,
Dadu, Jaccobabad, Hyderabad, Khairpur, Nawabshah, and Shikarpur. This relationship
continued in the Districts of Hyderabad, Jaccobabad, and Shikarpur during the 1990s. This
means that if irrigation supplies were increased, a tendency to bring more area under
cultivation exists, and thereby, reduces the culturable waste areas in these districts, except in
the Districts of Dadu, Khairpur and Tharparkar, where this relationship was further
augmented during the 1990s.

The results show that, at the Sindh level, the measure of inefficiency across farm categories
during 1998 was higher on the larger farms at the canal command level; the large and medium
farms of the Jamrao, Nara, Khairpur East, Khairpur West, Lined Channel, Rice, Fuleli and
Pinyari Canals. These results, when viewed in the context of the estimates of the inefficiency
indices calculated from the 1997-98 Sindh survey data, confirm that the small farmers are the
most efficient in the potential utilization of the farmlands.

The inefficiencies of the medium and large farmers in the canal commands of Khairpur East,
Khairpur West, Lined Channel, Rice, Fuleli and Pinyari Canals are much higher than the
small farms in these canal commands. The results also show that the medium and large farms
in the canal commands of the Rice, Desert, North West and Dadu Canals are comparatively
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more efficient. This shows that much scope exists to improve the efficiency of medium and

large farms in the commands of the Khairpur East, Khairpur West, Lined Channel, Rice,
Fuleli and Pinyan Canals.

The additional area, which may be cropped through the improvement in cropping intensity,

was determined to be about 1.42 Mha, the major contribution being from the medium and
large farm holdings.

The total increasc in cropped arca at the Sindh level, by making improvements in the cropping
intensity and by bringing in the additional area from culturable waste lands, amounts to 1.94
Mha, which is about 56 percent of the total croppable area. Of this potential recovery, 28

percent is from the improvement in cropping intensity and the remaining area comes from the
culturable wastes.

 This study shows that, on average, about 29, 24, 18 and 8 percent of the GCA, respectively,
fall under the wheat, rice, cotton and sugarcane crops in the Sindh Province. If this proportion
of distribution is maintained, then about 0.55 Mha will be cultivated under the wheat crop,
0.463 Mha will be cultivated under the rice crop and the average area under the cotton and the
sugarcane crops will be 0.336 and 0.155 Mha, respectively. The major contribution is coming
from the canal commands of the Rohri, Nara, and Ghotki Canals and Lined Channel, which
are the major contributors in the area for the wheat crop.

e The estimates of the potential productivity of the four major crops in the Sindh Province
shows that the canal command areas of Sindh have the additional potential to produce 1.11
million tons (MT) of wheat, 1.66 MT of rice, 0.579 MT of cotlon and 10.34 MT of sugarcane.

B) Wheat

o The estimates of regression coefficients show that the maximum response from the
LNCOFERT coefficient on the wheat productivity was seen in the farms located at the Fuleli
Canal command area (0.88), when compared to LNCOFERT regression coefficients for the
farms located in the command areas of the Begari (0.33), Dadu (0.42), Desert (0.45), Ghotki
(0.05), Jamrao (0.22), Khairpur E. (0.16), Khairpur W. (0.39), Lined Channel {0.46), North
West (0.07), Pinyari (0.61) and Rohri Canals (0.40). In the case of the LNCOLAND
coefficient, the regression coefficients ranged between 0.02 in the Ghotki Canal command
area to 0.91 in the Fuleli Canal command area. This shows that a unit increase in the cost of
land preparation will increase the wheat productivity by 0.51, 0.14, 0.49, 0.29, 0.91, 0.49,
0.72, 0.30, 0.49, 0.84, 0.42, 0.26, 0.61 percent on the farms located in the Begari, Dadu,
Desert, Fuleli, Ghotki, Jamrao, Khairpur E, Khairpur W, Lined Channel, North West, Pinyari,
Rice and Rohri Canal command areas, respectively. The regression results show that the
LNNOIRR coefficient is significant at the 99 percent level of confidence in the equations
providing results from the Begari, Dadu, Ghotki, Jamrao, Khairpur E, Khalrpur W, North
West and Rice Canal command areas. These results show that a one percent incredse in the
LNNOIRR will increase the productivity of wheat by 0.40, 0.25, 0.13, 0.58, 0.18, 0.18, 0. 13
and 0.43, respectively, on the farms located in the Begari, Dadu, Ghotki, Jamrao, Khairpur E,
Khairpur W, Northwest and Ricc Canal command areas. The regression results for the
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LNFSIZE coefficient show that it is negative and statistically significant at the 99 percent
level of confidence on the farms located in the canal command areas of the Begari, Ghotki,
Jamrao, Khairpur W, Rice and Rohri Canals. The LNFSIZE coefficient shows that a one
percent increase in the farm sizc lowers the wheat productivity by 0.96, 0.20, 0.97, 0.30, 0.02,

and 0.38 percent, respectively, on the farms located in the command arcas of the Begari,
Ghotki, Jamrao, Khairpur W, Rice and Rohri Canals.

C) Cotton

* The farm areas reporting cotton production includes the command areas of the Fuleli, Ghotki,
Jamrao, Khairpur E, Khairpur W, Lined Channel, Nara and the Rohri Canals. The Regression
results for the cotton crop at these canals command areas show that the LNCOFERT,
LNCOLAND, LNFSIZE and LNNOIRR came out to be statistically significant at 99 percent
level of confidence.

* In the case of the regression results for the farms located in the Fuleli Canal, only the
coefficient for LNCOFERT came out to be statistically significant at the 99 percent level of
confidence with an explanatory power of 0.98. The LNCOFERT coefficient for the Jamrao,
Khairpur W, Lined Channel, and the Rohri Canals are statistically significant at the 99 percent
level of confidence and have the values 0.08, 0.76, 0.73, and 0.32, respectively,

* The coefficient for LNCOLAND camec out to be significant at the 99 percent level of
significance for only the farms located at the Ghotki, Jamrao, and Nara Canal command areas
and have values of 0.28, 0.08 and 0.38, respectively. This shows that a one percent increase in
the investment on land preparation will increase the cotton production by 0.28, 0.08 and 0.38
percent in the Ghotki, Jamrao and Nara Canal command areas, respectively.

¢ Contrary to the LNFSIZE coefficient in the wheat crop, the LNFSIZE in the cotton production
is non-significant in the regression cquations, except in the case of the Rohri Canal, where it
is statistically significant at the 99 percent level of confidence and has a positive relationship
with the cotton productivity. It shows that a one percent increase in the farm size on the

cotton-producing farms located in the Rohri Canal area increases the cotton productivity by
0.53 percent.

* The results show that the coefficient for LNNOIRR was statistically significant at the 99

percent level of confidence in the regression equations for the Ghotki, Jamrao, Khairpur E,
Nara and Rohri Canal command arcas.

* It shows that a unit increase in the LNNOIRR will increase the cotton productivity by 0.11,
0.28, 0.96, 0.27 and 0.206 for the farms located at the Ghotki, Jamrao, Khairpur E, Nara and
Rohri Canal command areas, respectively. The study shows that the regression coefficients
were only statistically significant at the 99 percent level of confidence in the cases of the
Ghotki Canal and Lined Channel, and has values of 0.09 and 0.79 for farms raising cotton.

* The variabie for the cost on plant protection, LNCOPP, came out to be statistically significant
in the regressior . uations, depicting regression results from the canal command areas of the
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Ghotki, Jamrao, Lined Channel, Nara and Rohri Canal command areas. The LNCOPP
coefficient shows that a one percent increase in the investment on the plant protection
measures in the cotton crop increases the cotton production by 0.55, 0.63, 0.48, 0.34 and 0.29

percent on cotton-producing farms in the command areas of the Ghotki, Jamrao, Lined
Channel, Nara and Rohri Canals.

D) Paddy

e The results of the Cobb-Douglas production functions for sample farms in the Begari Canal
command area show that LNCOLAND had the highest value of 0.67 in comparison to
LNCOFERT (0.11), LNHOEING (0.21) and LNWEDING (0.115).

e The coefficient for the farm size shows a negative relationship among farm sizes and rice
production on the sample farms in the Begari Canal command area. The adjusted R2 shows
that about 98 percent of the variation in the regression equation for rice production in the
Begari Canal command area is explained by the independent variables included in the model.

e In the case of the regression equation for the rice farms on the Dadu Canal command area, the
value of adjusted R2 is 0.84. The variables for LNCOFERT, LNCOLAND and LNWEDING
coefficients came out to be statistically significant at the 99 percent level of confidence. These
coefficients show that a one percent increase in the investment on LNCOFERT, LNCOLAND
and LNWEDING will increase the rice production by 0.311, 0.43, 0.34 percent, respectively.

o In the case of the regression equation for the rice farms on the Desert Canal command area,
the value of adjusted R2 is 0.98. The variables for LNCOFERT and LNCOLAND coefficients
came out to be statistically significant at the 99 percent level of confidence. These coefficients
show a one percent increase in the casc of the remaining regression equation for other canal
command areas. The value of adjusted R? is from 0.73 in the case of the Fuleli and the Rice
Canals to 0.99 in the case of the regression equation for the Lined Channel command area.

e The LNCOFERT coefficient was statistically significant at the 99 percent level of confidence
in the regression equations for the command areas of the Fuleli, Ghotki, Khairpur West, Lined
Channel, Pinyari and Rice Canals. The LNCOFERT coefficients in these equations are 0.38,
0.38. 0.433, 0.396, 0.77, 0.19, and 0.277 for the commands of the Fuleli, Ghotki, Khairpur
West, Lined Channel, Pinyari and Rice Canals, respectively.

¢ The LNCOLAND coefficient was statistically significant at the 99 percent level of confidence
in the regression equations for the canal command areas of the Fuleli, Ghotki, Jamrao, Lined
Channel, North West, Pinyari and Rohri Canals. The LNCOLAND coefficients in these
equations are 0.455, 0.398, 0.897, 0.575, 0.241, 0.697 and 0.697 for the command areas of the
Fuleli, Ghotki, Jamrao, Lined Channel, North West, Pinyari and Rohri Canals. For the
respective farm size differentiation in canal commands, the farm size and productivity
relationship was negative and statistically significant at the 99 percent level of confidence in
the commands of the Begari (-0.334), and Rohn Canal (-0.595) areas.
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* A positive and statistically significant (at the 99 percent level of confidence) relationship is
observed in the case of the Fuleli {0.391) and Rice Canal (1.17) command areas. The
coefficient for the irrigation came out to be statistically significant at the 99 percent level of
confidence only in the regression equations for the command arcas of the Khairpur West
(0.518), Lined Channel (0.164) and Rice Canal arcas (0.091).

* The regression coefficient for weeding was only significant in the command areas of the
Began, Dadu, Lined Channel, Ricc and Rohri Canal areas. The estimated coefficients show
that the unit increase in the expenditure on weeding increases the rice production by 0.115,
0.345, 0.171, 0.146 and 0.602 percent in the command areas of the Begari, Dadu, Lined
Channel, Rice and Rohri Canal areas, respectively.

E) Sugarcane

e The regression estimates for equations from the sample farms growing sugarcane in different
canal commands of the Indus River in Sindh show that overall, all the equations are
statistically significant at the 99 percent level of confidence. The adjusted R2 for the
regression equations are 0.99, 0.917, 0.91, 0.96, 0.80, 0.86, 0.92, 0.92, 0.83, 0.96 and 0.94 for
the commands of the Dadu, Fuleli, Ghotki, Jamrao, Khairpur E, Khairpur W, Lined Channel,
Nara, North West, Pinyari and Rohri Canals, respectively.

¢ The LNCOFERT coefficient was statistically significant at the 99 percent level of confidence
in the regression equations for the canal commands of the Dadu, Fuleli, Jamrao, Khairpur E,
Khairpur W, Lined Channel, Nara, North West, Pinyari and Rohri Canals. The LNCOFERT
coefficient has the values of 0.95, 0.294, 0.711, 0.63, 0.59, 0.42, 0.15, 0.911, 0.523, and 0.653
for these canal commands, respectively. This means that a one percent increase in the
expenditure on fertilizer increases the sugarcane production on the sample farms in the Dadu,
Fuleli, Jamrao, Khairpur E, Khairpur W, Lined Channel, Nara, North West, Pinyari and Rohri

Canals by 0.95, 0.294, 0.711, 0.63, 0.59, 0.42, 0.15, 0.911, 0.523, and 0.653 percent,
respectively.

* The regression results show that the LNCOLAND is statistically significant in the regression
equations for the command areas of the Dadu, Fuleli, Ghotki, Lined Channel, Nara and
Pinyari Canal command areas. The estimated regression coefficients show that the unit
increase in the cost of land preparation increases the sugarcane production by 0.06, 0.87, 0.38,
0.77 and 0.26 percent, respectively, in the command areas of the Fuleli, Ghotki, Lined

- Channel, Nara and Pinyari Canals. In the case of the Dadu Canal command area, the
regression LNCOLAND coefficient has a negative sign (-0.58) and is statistically 51gn1ﬁcant
at the 99 percent level of confidence.

* The results show that the LNNOIRR cocfficient is statistically significant at the 99 percent
level of confidence in the regression equations for the Dadu, Fuleli, Jamrao and Rohri Canal
commands. The regression coefficients have the values of 0.256, 0.491, 0.266 and 0.315 for
the canal commands of the Dadu, Fulcli, Jamrao and Rohri Canals, respectively.
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The LNCOPP coefficient is statistically significant at the 95 percent level of confidence for
the regression equation in the Pinyari Canal command only, and has a value of 0.08.

The LNHOEING coefficient is significant at the 99 percent level of confidence in the

command area of Khairpur East Canal and Lined Channel and have the values of 0.067 and
0.214, respectively.

The coefficient for LNWEEDING turmns out to be significant in the regression equations for
the commands of the Dadu, Khairpur East and Pinyari Canals. The respective values of the
regression coefficients turn out to be 0.48, -70 and 0.33 in the commands of the Dadu,
Khairpur East and Pinyari Canal command areas.

F) Cost of Wheat Production and Returns

The study estimates the cumulative variable cost of production, total income, gross margin‘ha,
gross margin/M3 of water, and gross margin/ man-day of labor from the production of wheat
on the sample farms in Sindh. It shows that the gross returns from the wheat crop raised on
the SI soils in the canal commands of the Sindh Province ranged from Rs. 8,959/ha in the
Rice Canal command area to Rs 16,821/ha in the Fuleli Canal command area,

In the case of the farm samples having the SII soil types, the gross returns range from Rs.
8,470/ha in the Rice Canal command area to Rs. 16,650 in the command areas of the Rohri
Canal. The total variable cost (for providing inputs in the farms having SI soils) for raising
wheat on the sample farms ranges from Rs. 5,093/ha in the Rice Canal to Rs. 11,191/ha in the
Fuleli Canal command area. The net returns from the wheat crop on the sample farms in the
S1 soils ranged from Rs. 1,926/ha in the Lined Channel command area to Rs, 8,544/ha in the
command area of the Rohri Canal.

The study shows that the net returns from the wheat crop production on the sample farms
having the S-II soil type ranges from Rs. 2,627/ha in the Rice Canal command area to Rs.
7,102/ha in the Rohri Canal command area.

The gross margin/M3 of water was the highest on the sample farms having the S1 soils in the
Rice Canal command area. In the case of the sample farms having the soil SII the gross
margin/M3 was the highest (Rs 6.91) on the farms producing wheat in the command of the
Khatrpur East Canal.

The results show the gross margin per unit of labor on the sample farms having the S1 soil
category ranged from Rs. 160/man-day in the canal command arca of the Lined Channel to
Rs. 717 in the command area of the North West Canal.

The study also shows that the return from the wheat crop decreases as the land class is
switched from SI to SII in all the canal commands of Sindh, except in the Khairpur East,
Jamrao, and Lined Canal commands.
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G) Cost of Cotton Production and Returns

The study shows that the gross revenue from cotton ranges from Rs. 21,126 in the Khairpur
East Canal command to Rs. 46,100 in the Nara Canal command. The highest returns come
from the Nara Canal command area, which is a wheat-cotton area. The Nara Canal command
area is not only on the top due to its high output, but also to its gross masgins. The gross
margin for cotton is quite low in the Khairpur West Canal command, as is its output.

The estimates of gross margin per cubic meter of irrigation water shows that the returns are
the highest (Rs. 9.3) in the Fuleli Canal. The reason for this may be that the Fuleli Canal
command watertable fluctuates more and crops neced less water. These estimates of returns

show that the gross margin per unit of water declines as we shift from class SI soils to the SII
and SIII classes.

H) Cost of Sugarcane Production and Returns

In the case of the sugarcane crop, the gross revenue ranges from Rs.46,546 per hectare in the
Khairpur West Canal command area to Rs.71,926 in the Nara Canal command area, while the
range in the SIII class varies from Rs.43,472 per hectare to Rs.70,871 in the Nara Canal
command area.

The total returns from sugarcane is more in SI soils than in SII soils but the deviation is seen
in the case of the Pinyari Canal command, where the returns are more in soil class SIII
(Rs.65,464) when compared to the soil SI (Rs. 48,906). The reason is that the area surveyed in
the Pinyari Canal command comes under District Badin, which is the tail of the Pinyari Canal.
Thus, in those areas, water is generally scarce since sugarcane is a high delta crop. Soil class
SIII falls under fine-textured waterlogged soil, which becomes useful for the crop in severe
water dearth, and why the majority of the farmers (80%) in that area prefers to grow
sugarcane in SIII soil class to derive the ease of subsoil-irrigation. Another reason for high
returns in SIII is that the farmers intensify land preparation and the application of pestxcndes
when compared to Si class.

There is another case of deviation present in the Nara Canal command; the total income in the
S1 soil class (more than SIII class), but its net returns, because of having a higher cost of
production, has gone down. This means that an increased application of inputs than required
is responsible for decreasing the net returns instead of increasing the output.

The study shows that the cost of production in the Dadu and North West Canal irrigated areas
is comparatively less than in other canal commands in the survey. The total cost on a hectare
of sugarcane in the SI class ranges from the lowest figure of Rs.23,171 in the Khairpur West
to the highest figure of Rs.34,057 in the Fuleli Canal. Whereas, for SIII, it varies from
Rs.20,640 in the Khairpur West to Rs.31,681 in the Nara Canal. This is showing that the
farmers in the Fuleli and Nara Canals tend to spend the maximum money on a hectare of

sugarcane and the minimum in the Khairpur West Canal command, irrespective of soil
classes.
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As far as the gross margins per cubic meter is concerned, the highest returns come from the
Rohri Canal command area (Rs. 8.6).

The gross margin per man-day varies in different canal commands and soil types. The highest
in the Ghotki Canal comnmand area, is Rs.1,202 and the lowest in the Nara Canal in SI, which
1s Rs.813. In SIII soils, this range varies from Rs.441 to Rs.911.

[} Cost of Rice Production and Returns

The estimates of the gross returns from the rice crop raised on the Sl soils in the canal
commands of the Sindh Province ranged from Rs. 10,375/ha in the the Pinyari Canal
command area to Rs 22,300/ha in the Rice Canal command area.

In the case of the farm samples having the SIII soil types, the gross returns from the rice crop

ranges from Rs 11,010/ha in the Khairpur East Canal command area to Rs. 21,455 in the
command areas of the Rice Canal.

The total vanable cost {for providing inputs to the farms having SI soils) for raising the rice
crop on the sample farms ranges from Rs. 7,326/ha in the Lined Channel area to Rs.
10,825/ha in the Fuleli Canal command area.

The net returns from the rice crop on the sample farms in the S1 soils ranged from Rs.

2,196/ha in the Pinyari Canal command area to Rs. 13,574/ha in the Rice Canal command
area.

The study shows that the net returns from the rice crop production on the sample farms having

the S-III soil type ranges from Rs. 32,09/ha in the Khairpur East Canal command area to Rs.
12,066/ha in the Rice Canal command arca.

The study reveals that the gross margins per cubic meter of irrigation water are the least (Rsl
to Rs. 2/ M) for the rice crop.

The gross margin per man-day is the most in the Rice Canal (Rs.905) and the least in the
Pinyari (Rs. 146) Canal command area.
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Apperdix-Bt

Appendin-B2
WHEAT CROP IN BEGARI CANA  {19%-97 WHEAT CROP IN DADU CANAL (19%-971)
Units Quantity  Unit Price Rupees Units Quantity Unit Price ~ Kupces  J
{financial) {finencial
Product Kg/Ha 132760 6.0 19620 Producy Kg/Ha 19260 (1] 1550
By-Product Rs'Ha 11270 o9 1194 } By-Product RyHa 1926.0 06 11358
otal Quiput Ra/Ha 9(%6.3 Total Output Rs'Ha 127118
Production Cest Praduction Cost
Seed Kg/Ha 100 X0 900 0 Secd Kg/Ha 1200 80 960 &
Fertilizer Uren( Bags) 20 lo6.0 .0 Fenilizer UrcalBags) 40 3656.0 1464.0
DAF (Bagr) 06 SRo.0 MBlo DAF (Sags) Lo 5860 o
NP (Bags) on dbh 0 LX) NP (Bags) o0 Abb.0 o0
AN (Bagn) o0 2580 04 AN (Bags) a0 1580 o0
1FYM 1] a0 a0 FYM Q0 0o Do
ICost of Land Preperation Re/Ha #8310 ost of Land Preperation Ry/Ha 15470
Family Labor Man day* %0 "o 930 * JFamily Labor Man day* 150 70 11350
‘asual Labor (Harvesting) RaHa G540 ‘asual Labor (Harvesting) Ra/Ha 1063.0
Machinery Coty Threshing) Rs/Ha 132 05 66 Machinery Cost Threshing) Re/Ha 19260 03 9%63.0
[Taxes Ry/Ha LELY.] Taxcs Rs'Ha 70
Jirrigation Canal( | immif) 41113 oo e Prrigaaion Consal{¥ it} 028.3 o e
TubeweM2imii 2057 27 5RO
Total Cost Sdibd. 2 Totat Cost ¥217.0
Grose Margin Per Hectars 3692.3 Gross Margin Per Hectare 44948
MarginM’ of Water I rom Margiw/M’ of Water a4
(Gross Margin/Man Day of Laber 4102 rets Margin/Mun Day of Labor 299.6
* Excludig Harvesting Cost * Excludig Harvesting Comt N
Appendix-B3 Appendix-B4
WHEAT CROP IN DESERT CANA  (1996.97 X WHEAT CROP IN FULELI CANA (199
Unins. Quantity  Unit Price Rupees Units Quanilty Unit Price  Rupees
{linancial) { financial
Prowduct Kyp/Ha 13480 60 RGEE O Product Kg/Ha 1150 &0 1nol0.0
By Produci Rs/Ha 13480 08 1078 4 By Product RsHa 1330 09 16308
Total Guipur Re'Ha 9166.4 Toual Output Rs/Ha 11661.5
Production Cost Production (sat
Kg'Ha 134.0 RO 1072.0 Seed Kg/Ha 1160 L ) 10324
Fertiliver Urea(Bags) 0 3ot 0 FAYN Fentilizer Urca{ Bags) 40 366.0 l46d4 0
DAP (Bag} 0.3 5Bo.0 %10 DAF (Bags) 1.0 3560 380
NP (Bags) 0.0 4660 0o A NP {Bags) 0.2 466.0 92
AN (Bags} ¢0 2380 oo AN (Bags) oo 250 oo
FYM 00 no on FYM 0.0 00 (LX)
‘o8t of Land Preperation Re/Ha 9%.0 o8l of Land Preperation Rs'Ha 190
[Farmily Lakor Man day* 160 7.0 0.0 Family Labor Mon day* 160 0 12220
‘mual Labor (Harvesting) Re'Ha B O Casual Labwr (Harvesting) Rs/Ha 9v0
Machinery Cost{ Threshing) Re'Ha 13400 [} 0T40 Machinery Cosy{ Theeshing) Rs/Ha 18350 os 917‘5-
Taxes Ry'Ha Inko Taxes Rs/Ha ALY}
Jimigation Conal(l imii} 4113 00 no Jrmigation Canali4 imii) (3364 _ 0} 1130
Tubewel{limii 308 3 [t 200
Total Cost 3313.0 Total Cost 8769.1
Gross Margin Per Hectare 33534 NGrms Margin Per Mectare 94
Gross Margin/M" of Water 47 [Grom Margin/M* of Water 29
Grass Margin/Man Day of Labor 3351 Grass Margin/Man Day of |abor 243.1
* Excludig Harvesting Cost

* Excludig Harvesting Cost
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Appendix-DBS

Appendix- 130
WIEAT CROP IN GHOTKI CANAL. {1996-97) WIHEAT CROP IN JAMRAQ CANAL.(1996-97)
Units Quantity  Unil Price Rupees Units Quantity Umit Price Rupees
{nancial) {Bnancial)
Product Kg/Ha o050 L] 126300 Product Kg/Ha 2284 0 60 13714 0
By -Product Rs'Ha 21050 [ 1894 $ By-Product Rs/Ha 2284.0 1.0 IR -
Total Cutput Rs/Ha [4524.5 Total Cutput Rs/Ha 158738
Production Cost Production Cost
Seed Kg/Ha 1460 xa 11680 Seed KgHa 1350 BS 11425
Fertilizer Urea(Bags) 40 W60 1464.0 Fertilizer Urea(Bags) 58 3660 21228
DAP {Bags) 20 %860 Hno DAP (Bags) i6 586.0 9176
NP {Bags) LY 46t 0 1] NP (Bags) as 4660 330
AN (Bags) 0 2580 o0 AN (Bags) 02 2580 w7
FYM 0o 60 0o {FYm 0.0 00 i3]
fCost of Land Preperation Rs/Ha 1656.0 Cost of Land Preperation © Rs'Ha 21120
Family Labor Man day* 20 JTn 10170 Family Labor Man day* 20 770 ist70
{Casual Labor {Harvesting) Rs/Ha 12100 [Casual Labor (Harvesting) RsfHa 118 0
Machinery Cosi{ Threshing} Rs/Ha 21050 ns 152 8 Machinery CosH Threshing) Rs/Ha 22840 0.5 nae
Taxes Rs/Ha 10 Taxes Rs/Ha 304.0
imigation Canab{3 irrii) 1028 } ol 120 Pirigation Canal(5 irrii) o453 a1 Hxo
TubeweK}imi 925§ a7 al2.0
Total Cost 10404.5 |, [Total Cost 10884.6
Gross Margin Per Hectare 4120.0 Gross Margin Per Hectare 4989.2
Gross Margin/M' of Water 21 Gross Margin/M* of Water 10
{Gross Margin/Man Day of Labor 196.2 Gross Margin/Man Day of Labor 231.6
* Excludig Harvesting Cost * Excludig Harvesting Cost
Appendix-B7 Appendix-BH
WIHEAT CROP IN KHAIRPUR EAST CANAL {1996-97). WHEAT CROP IN KHAIRPUR WEST CANAL (1996-%7)
Units Quanuity  Unit Price Rupees Units Guentity Unit Price Rupees
{fimancial} {financial)
Product Kg/Ha 22990 L0 13794 9 Product ¥e/Ha 0220 60 121320
By-Product Rs/Ha 229990 0.9 69 1 By-Product Rs/Ha 20220 09 18198
Total Owiput Rs/Ha 15863.1 Total Ouput Rs/Ha 13951.8
Production Cost Production Cost
Seed Kg/Ha 1350 go 1080 0 Secd Keg/Ha 1340 30 1072.0
Fertilizer Urca{Bags) 45 ELUY 16470 Fentilizer Ureal Bags} 40 366.0 1464.0
DAP (Bags) 20 SKo (b 11720 DAP (Bags) 20 IR60 117120
NP {Bags) 0.1 400 460 NP (Bags) 00 4656 0 0.0
AN {Bags) 00 258.0 049 AN (Bags}) 00 2580 0.0
FYM 00 0o 0o FYM 0o 0.0 00
Cost of Land Preperation Rs/Ha 1619.0 Cost of Land Prepertion RsfHa 19240
Family Labor Man day* 200 770 15400 Family Labor Man day* 180 770 1386.0
asual Labor { Harvesting) Rs/Ha 11930 (Casual Labor {Harvesting) Rs/Ha 11930
2022.0 0.4 B8 E
Machinery Cosi( Threshing) Re'Ha 22990 as 149 5 Machinery Cost{ Threshing) Rs/Ha
3430
Taxes RsiHa 3260 Taxes Re/Ha
Irrigation Canal{3 rls) 1028 01 1o ﬂlrrigmm Canal(3 wmi) 10283 o) 1140
Tubewel{Sierii 1542 5 ne G260 Tubewel(4irrii) 1234.0 08 98RO
Total Cost 10810.1 Totel Cost 10466.8
Gross Margin Per Hecture 5053.0 Grous Margin Per Heclare 3485.0
Gross Margln/M® of Water 20 Gross Margin/M' of Water 1.5
Cirnss Margin/Man Day of Labor 252.7 CGross Margin/Man Day of Labor 193.6

* Excludig Harvesting Cost

* Excludig Harvesiing Cost Cost
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Appendix-BS

Appendix-B6
WHEAT CROP IN GHOTK| CANAL. (1996-97) WHEAT CROP IN JAMRAD CANAL.(199%-97)
Uniu Quantity  Unit Price Rupees Unins Quamity  Unit Price  Rupees
{financial) {financial
Product Kg/Ha 21050 L] 12630 0 Product Kg/lta 2IR40 60 [E 1)
By-Product Re/lla Zins g 14 1894 § By -Prowduct Hs/Ala 22040 [RH Zit9 R
Total Duiput Rs/Ha 14524.5 Total Dutput Rs/Ha 15873.8
Production Cest Produciion Cost
Seed KgHa 14000 R0 16RO Sced Kg/Ha 1350 85 1475
Fertilizer Urea{ Bags) 40 ot .t 1464 .0 Fertilizer Urea{ Bags} 3.8 366.0 21228
DAFP {Bags) 0 SRo.0 11720 AP {Bags) 16 586.0 76
NP {Bags) 0 d06.0 0 NP {Bags) 05 4660 2330
AN (Bags) oo 2580 0o AN (Bags) 0.2 2580 8.7
FYM an 00 an FYM 0o 0.0 00
Cost of Land Preperation Rs/Ha 1656.0 (Cost of Land Preperation Rs/Ha 2110
Family Labor Man day* 210 710 6176 Family Labor Man doy* 210 710 1617.0
Casual Labor (Harvesting) Rs/Ha 12100 Casual Labor (Harvesling) Rs/Ha ili80
Machinery Cost(Threshing) Rs/Ha 21050 0s 10525 Machinery Cosi( Threshing) Rs’'Ha 2i840 03 11420
Taxes Rs/Ha Mo Taxes Rs/Ha 4.0
ilrrigmion Canai(d irrii) 0283 ol o Llrrigalim Conal(3 imii} 1645.3 0t 1o
Tubeweldimii 9255 [t 6120
Tolal Cont 10404.5 Tota) Cost 10884.6
Gross Margin Per Hectare 4120.0 (Groas Margin Per Hectare 4989.2
Gross Margin/M' of Water 21 Gross Margin/M"* of Water 30
fGross Marzin/Man Day of Labor 196.2* | Gress Margin/Man Day of Labor 237.6
* Excludig Harvesting Cost * Excludig Harvesting Cost
Appendix-BT Appendix-BE
WHEAT CROP IN KHATRPUR EAST CANAL (1 996-97). WHEAT CROP IN KHAIRPUR WEST CANAL {1996-97)
Units Quantity  Unit Price Rupees. Units Quamity Unit Price Rupees
{fimancial) {financial}
Priduct Kg/Ha 21930 ai) 13194 Product Kg/Ha 0220 a0 121320
By- Product Rs/Ha 22990 09 2660 | By-Product Rs/Ha 0220 09 18198
Total Quiput Rs/Ha 15863.1 Total Quiput Rs/Ha 13951.8
fProduction Cost {Production Cost
Seed Kg/Ha 1350 LX) 10800 Seed Kg/Ha 130 £0 10720
1F¢m‘1izcr Urea( Bags) 45 360 1547 0 JFenilizer Urea{Bags) LX) 366.0 1464.0
DAP {Bags) 20 586.0 1720 DAP (Bags) 20 386.0 n7n.o
NP (Bags) ol 4609 46.6 NP (Bags} 0.0 466.0 o0
AN {Bags) L1 2580 0o AN (Bags) 0.0 2580 LX)
FYM 60 [£31] 0.0 FYM 00 00 00
Cost of Land Preperation Rs/Ha 5190 Cost of Land Preperation Re/Ha 1924.0
Family Labor Man day* 200 70 15400 Family Labor Man day* 18.0 e 13860
(Casual Labor (Harvesting) Rs/Ha 191e ual Labor (Harvesting) Ry'Ha 1ee
0220 04 8058
{Machinery Cosa(Threshing) Rs’Ha 22990 ns a9 5 Machinery Cost{Threshing) Rs/Ha
Jaso
Taxes Rs/Ha RF Taxes Rs/Ha
Jrigation Canal(3 irmii) 1028 3 ol 3TN {irrigation Canal{3 invii) 1028.3 03 140
Tubewel(Simi 1542 5 L1 G261+ Tubewel{dimii} 12340 08 9830
Total Cost 10810.1 Total Cost 10466.8
Gross Margin Per Hectare 5053.0 Gross Margin Per Hectare 34850
Gross Margi/M" of Water 20 Gross Margi/M" of Water L5
Gross Margin/Man Day of Labor 252.7 (Gross Margin/Maw Day of Labor 193.6

* Excludig Harvesting Cost

* Excludig Harvesting Cost Cost
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Appendix-Bl 3 Appendix.B |4
WHEAT CROP IN RICE CANAL. WHEAT CROF IN ROMRI CANAL.
Unis Quantity  Unit Price Rupees Unils Quantity Uit Price Rupees
(financial} i
Produc! KgHa 12000 65 18585 Product Kg/Ha 25630 6.0 15)78.0
By-Product ReHa 12000 08 9hT.2 By-Produci Re/la 25630 0e 067
Totul Quipw ReHa 8818.7 ‘oial Output RsHa 17684.7
Production Cost Production Tont
Seed Kg'Ha 1030 LA RI53 Kg/Ba 1320 [ 1] 1056.0
Fertilizer Urea{Bags) 1.5 LX) Me.0 Fertilizer Ureal Bags) 50 660 [LL ]
DAP (Bags) 0s 58610 P AT DAF (Bags) 18 360 10543
NP (Bags) 0.0 h 0 00 N {Bags) 02 466.0 9.2
AN (Bags) [+X+] 580 Lil)] AN (Bugs) ol 2530 253
FFVM 0o oo 00 YM 1] 0.0 [ 1))
K o1 of Lind Preperation RyHa 1780 'ost of Land Preperation Rs/Ha 16120
amity Labor Man day* 140 170 1078. Family Labor Mon day* no 770 70
‘aswill Labor (Harvesting) RsHa 904 0 "atual Labor (Harvesting) ReHa §208.0
1290 0s 604 5 15630 05 1143
Machinery Cosi{ Theeshing) Rs/Ha Machinery Cost{ Thieshing} RyvHa
340 310
[Taxes Re'Ha axes Re/Ha
Flﬂig:llion Canal(} irrii) 4111 00 09 rrigation Caral(4 iriiy 13%.3 ol 1.0
Tubewel(Zimii) 617.0 1] o Tubewel(ierii) 6170 09 U0
[Tetal Cont 6290.0 [Tolsl Cost 10853.3
Margin Per Hectare 15387 Margts Per Hectare 68314
ross Margio/M® of Water 15 ross Margin/M"® of Weter 3
roes Margin/Man Day of Labor 181.1 ross Margin/Man Day of Labor 3153
* Exchudig Harvesiing Cost * Exclucig Harvesting Coss
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COTTON CROP IN FULELL CANAL (1997),

COTTON CROP IN GHOTR] CANAL (1997)
Units Quantity  Unil Price Rupees Unig Quantity  Unit Price Rupees
inancial) {Tmancial
Prociuct Ky/lia 177840 200 Msern {Product Kg/Ha 161 0 e Mong
Hy-Product no 1By-Product no
Tuskal Output (Rupees: Hap Rs/Ha J5560.0 ol Ontpul { Rupees/ ) Kellla AS020.8
Production Cost Productiin Cost
eed Ke'Ha 7 anyg ann.2 Seed Keg'Ha 210 270 solo
F entilizer (Bug) Urea {Bags} $0 L 12300 Fenilizer (Bug) {Jrea {Bags) 54 Mo0 197 4
DAP (Bags) 18 SE6 9376 DAP (Bags) B} 860 10548
NP (Bugs) 03 466 O 13198 NP (Bags) 02 466.0 L LD
AN {Bags) 00 258 1 a0 AN {Pags) on 2530 o0
|pyM 0n? 1594 4o FYM o7 390 1me
Pesticide/Chermical Spray Numbers 49 KRS 01 Asana Pesticide hemical Spray Numbers e 1560 1500
[Cost of Lund Preperation Rs/Ha 27660 (Cost of Limd Preperation Rs/Ha 240
Seed Bed Preperation RsiHa 4940 |Seed Bed Preperution Rs/Ha 00
Family Labor Man days® o 70 2464 0 Fumily Lubor Mun days* P14 e 1560
ICasual Labor (Picking) Rs/Ha 17780 15 070 {Casual Labor { Picking) Rs/Ha 1661.0 17 W71
ISnwing Rs/Hu 4630 Sowing Rs/Ha 4225
Interculture{ Weeding/Hoeing) Rs/Ha 840 Interculiure{ Weeding/Hoting) Rs/Ha 1038 0
[Tuxes 540 Taxes 300
%Im‘gulicn Cunake) 19538 0l 198.0 Jimigation Canal(4) 13368 al 1970
Tubewel4) 12M0 07 Hio Tubewel{ ) 9255 0.8 550
[Total Cost 19655.6 Total Cost 15505.9
ross Margin Per Hectare 15904.4 {Gross Margin Per Hectare 204149
roas erglnfM“anller 3 Gross Margm/M ' of Water %0
roas Margin/Man Day of Labour 497 Cross Margin/ian Day of Lahour 729.1
* Excluding Picking Cost * Excluding Picking
Appendix-C Appendix-C'4
COTTON CROF IN JAMRAQ CANAL. COTTON CROP IN KHAIRPUR EAST.
Units Quantity  Unit Price Rupees Units Quantily  Unit Price Rupees
{financial) {4 ial)
Product KgHa |888.0 plle X700 Product KpHu 1400.0 Ho 294000
{By-Produci a0 Ay-Product - 00
Tonal Qutpw (Rupees/Ha) Rs'Ha 377600 Total Quiput (Rupees/Ha) ReHa 19400.0
Production Cost JProduction Cost
Seed KgHa o o5 4745 Seed KgHa 198 M40 4752
Fertilizer {Bug) Ureu (Dags) 60 6h 0 2196.0 Fertilizer (Bag) Urea (Bags) 50 166.0 18300
DAP (Bags) 16 586 0 LAY DAF (Bags) %] 586.0 1054.8
NP (Bags) 14 a66 652 4 NP (Bags) oo 4060 [1]+]
AN {Bags) 08 25806 W64 AN (Bags) 0.0 2580 0o
IFYm 07 1596 149 FYM 60 2250 1350.0
Peslicide/Chemicul Spray Numbers ‘180 144 1y 25920 Pesticide/Chomical Spray Numbers o 9200 27600
(Cost of Land Preperation Re'Ha 27580 Cost of Lund Preperation RsHa 1909.0
§5eed Bed Preperation Rs/Ha 6l70 Seed Bed Preperation RsHa 0.0
Family Labor Mun days* 50 770 2950 JFamily Labor Man days* 20 70 250
asual Labor (Picking) Re/la 1888.0 14 TWOR 4 [Casual Labor (Picking) RsHa 14000 1.7 21800
Sowing Rs/Ha S1TR owing Rs/Ha WG
Imercollurel Weeding/ Hoeing ReHa 12140 Intercullure Weeding/Hoeing) ReHa 12200
Taxes 4540 Tuxes 5650
trrigation " CumaliB) 25708 0l 14 Prigation Cural(4) 1068 L] 1970
Tubewel4) 12340 o7 9L Tubewe}10) 308350 06 i8530
[Total Cost 21015.0 Total Cost 18224.0
fGross Margin Per Hectare 16735.0 {Gross Margin Per Mectare 1HiTe0
ross Margin/M” of Water 44 Gross Margin/M" of Water 25
FI’M Margin/Man Day of Labour 478.1 (roms Margin/Man Day of Labour 3854

* Excluding Picking Cost

* Excluding Picking Cosl
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{"OTTON CROP IN KHAIRPUR WEST.

COTTON CROP IN LINED CANAL.
Units Quanity  Unil Price Rupees Units Quaniity  Unit Price Rupees
{ linancil) {financizl
Producl KeHa 10510 J00 2R i Froduct Kegha 13510 "'1'3'6"'! 79969 0
By-Product on By-Product on
Totul Chiiput (Rupees/Ha) Re/Hy 21020.0 Total Output (Rupes Haj Rs/lla 294690
FPrmllu’llm Cast Prictuction 1 ost
Seed KgHa 220 70 SU4 Seed Keg'Ha 10 50 B0
Fertilizer lBa‘g] Urea (Bags) 5.0 Abn 1RML4 Fenilizer {Bag} | Irea (Bugs) 50 166.0 tRANG
DAF {Bags} 20 g6 0 H2e DAP (Bugs) 14 3860 4204
NP (Rags) 0.0 406 1 oo NP ¢Bags} 14 4660 6524
AR (Bags) 00 2580 [$18] AN [Bugs) 0o 1580 no
EYM $0 w00 100 U FYM ? 1590 [[TR]
Pesticide/Chemmicul Spray Numnbers 1o o7t 2810 PesticideA " henvical Spray Numbers A0 7890 23674
Cost of Land Preperalion RyvHa 228090 Cost of Land Preperalion Rs/Ha 2889.0
Sevd Bed Preperation Rs/Ha 00 Seed Tied Frepertion Rs/Ha o0
JFumily Lubor Mun days* 260 TR 2602 0 JFumily Labor Maun days® 100 770 22300
Cusual Labor (Picking) Rs/Ha $051.0 20 262G (Casual Laboe (Picking) Rs/Ha 1551.0 14 T4
Sowing Rs/Ha SUB 0 Sowing Rs/Ha oMo
Entercullure{ Weeding/Hoeing} RsHa 1170 {intereultured Weeding/Hoeing) ReHa 4130
Tuxes W00 Tanes 659.0
Irmgation Camil(4) [RRLE:] [th] 1950 Jlm'gulioﬂ Canal(h) 2262 % o 198.0
Tubeweks) 15425 ne 13990 Tubewel(4) 12040 07 9130
Total Cost 17520.0 Total Coal 18267.1
(iross Margin Per Heclare ABoon ross Margin Per Hectare s
Gross Margin/M' of Water 12 Gross Margin/M" of Water 32
Gross Margin/Man Day of |.abour 134.6 roas Margin/Man Day of Labour 186.1
* Exciuding Picking Cosl ¢ Excluding Picking Cost
Appendin.C? Appendix-(°8
COTTON CROP IN NARA CANAL. COTTON C'ROP IN ROIRI CANAL.
Units Cuanlity  Unil Price Rupees Unis Quantity  Unil Price Rupees
{Minancial) (I'm:llci:l'
Prinduck Kg/Ha 20510 198 4061980 Product Kg/Ha 1689.0 208 AsIM2
1By Product [$18] [Ay-Product L1]]
Total Crtpul (Rupees/Ha) Rs/Ha 40609.8 Total Output (Rupees/tla) Rs/Hu 3512
Production Cost Production {nst
Seed KgHa 100 411 AML) Seed Kg/Ha IBS 290 5365
Fentilizer {Bag) Urea (Bags) 39 1660 21594 Ferlilizer (Bug) Ureu (Bags) 50 3660 18300
DAP (Bags} 1.5 SR6 D R790 DAP (Bags)r 18 586.0 1054 6
NP (Bags) 18 060 8B A NP (Bags} D4 466.0 1864
AN (Bags) 14 580 1612 AN (Bags) 02 2580 516
FYM o7 159.0 1049 FYM o7 159.0 1049
Pesticide/Chemical Spray Numbers 00 (1] no Peslicide/Chemicul Spray Numbers 00 o o0
Cost of Land Preperation Rs/Ha 28270 [Cost of Land Preperation Rs/Hy 24050
Seed Bed Preperation Rs/Ha a0 Seed Bed Preperation Rs/Ha 5o
Hfamily Labor Man days* 7o 7740 240 0 Fumily Lubor Man days* 26.0 10 0020
ICasual Lubor { Picking) RsiHu 2051 0 17 Mio 7 asual Labor (Picking) Ks'Ha 1689.0 17 28713
Sowing Rs/Hu 474.0 Sowing Rs/Hy 4100
kntercullure{ Weeding/Hoeing) Rs/Ha KM 0 Interculurel Weeding/Hoging) Rs'Hu $754.0
[ Tuxes 5724 Taxes 5140
Lrrigiaon Canull8) 25708 ol 1960 Qimigation Canal{$) 16453 0l 1980
Tubewel(4) 12340 07 HIO Tubewel¥) 9255 L1X.] 549.0
Tolal Cost 18710.0 Total Cont 14698.5
ross Margin Per Heclare 2IR99 B Gross Margin Per Hectare 204327
Grots Margin/Al' of Waler 1] IGross Marg/M ' af Water 79
Girons Margin/Man Day of Labour 6R4.4 Frods Margin/ilan Day of Labour T858.9

* Excluding Picking Cost

* Excluding Picking Cost
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SUGARCANE CROP IN DADU CANAL {19%6-97)

SUGARCANE CROP IN FULELI CANAL 1996-97)
Unils Quantily  Uni Price  Rupees Units Cuantity  Unit Price Rupees
(Financial} (financial)
Froduct KgHa &1997.0 (134 857972 Product Kg/Ha 622080 1.0 62208 0
By-Product Re'Ha By -Product ReHa
Totul Qulput 55797.3 FTowt Qutpw 62208.0
Production Cost Il’rudu:llun Cost
Seed Kyg/'Ha 70089 10 008.0 Seed Kg/Ha 7870.0 1o 78700
Fertilizer Urea (Bags) 30 dss 0 29280 Fenilizer Urea {Bags) LK) Mot O 476
DAP (Bags) 2% 5860 ledn 8 DAP [Bags} 10 5B6.0 17530
NP (Bags) [1)] 466.0 no NP (Bugs) 0} 466.0 0.6
AN {Bags) o0 580 nn AN (Bags) 0.2 2580 L1X
FYM 120 100t 12000 FYM 940 1500 [RECEY))
Pesticide/Chemical Spray Numbers 040 i 00 Pesticide’("hemicul Spray Nusnbers 10 1056 0 21120
Cost of Lund Preperation Rs/Ha 25840 Cost of Lund Freperation Rs/Ha WE7 0
Secd Bed Preperution Re/ka 0o Jseed Bed Preperation RvHa 290
Family Labor Mun duys* 440 710 ALEL R Fumily Lubor Mun days* 5o 110 A9xto
asual Labor (Hatvtsling) Rs/Ha 819970 0l 61997 [Casual Labor (Harvesting) Rs/Ha 62208.0 01 62203
ISuwin; ReHa 1096 0 Spwing RiaHa 20
Interculiure { Weeding/Hoeing) Rs'Ha i5M0 niercullure {Weeding/Hoeing) R&/Ha 214M0
Taxes RsHa 2980 Tixes RsHa 7810
Alnisanon Cana(l6 im}  S03n% 0l 00 Trrigation Canal(18 imi.  5655.% 01 W10
Total Cost 2R865.5 Total Cost 138586
rogs Margim Per Hectare 26930.8 roas Margin Per Hectare 283524
{Gross Margin /M3 of Water 51 roxs Margin ALY of Water 5.0
(iross Margin /Man Day of Labor 021 Gross Margin ilan Day of Labor 555.9
* Excluding Cost of Harvesling * Excluding Cost of Harvesting
Appendix-D Y Appendix-D4
SUGARCANE CROP [N GHOTKI CANAL (1996-97) SUGARCANE CROP IN JAMRAQ CANAL (1996-97)
Units Quantity Unil Price  Rupees inits Quantily UnitPrice  Rupees
(Ffinancial) {Mnancial}
[Product KpHa 77187 0ne 69458 ) Product LRI ) 09 508519
By-Product RsHa 1720 By-Product Rs/Ha
Todal Outpu 65640.) Tora) Dutpul S5853.9
Production Cost Production ('osi
Seed Kg/Ha 6254 0 n9 56286 Seed Kp/Ha Ei168.0 Lo 21680
Fertilizer Urey (Bags) 60 b ) 21960 Fertilizer Ureu (Bags) L] M5.0 240
DAFi(Bagsy . 20 5860 11720 DAP {Bags) Ao 586.0 1758.0
NP (Bags) a1 don 0 466 NP (Bags) te 4606.0 745.6
AN (Bags) [L1H] 25R0 o0 AN (Buags) 1o 2580 580
FYM 0.0 [$1H] o0 FYM 80 1780 14240
JPesticide Chemical Spray Numbers K] 1235.0 12350 Pesticide/Chemical Speay Numbers 1o 12470 12470
Cosl of Lund Preperation Rs/Ha 6130 051 of Lund Preperution Re/Ha 28550
Seed Bed Preperution Rs/Hu 00 eed Bed Preperation RsHu 78.0
[Family Lubor Man days* 450 7T RELLKY] Family Lahor Mun duys* 540 770 45530
asual Labor {Harvesting) RsHa THaT0 0l 17187 atual beol’ﬂlurvcslin;l RsHa 611710 ¢l ell7T1
Sowing Rs/Ha RO Sowing Rs/Ha 050
§interculiure {Weeding/Hoeing) Rs/Ha 17 0 Intercuiture [ Weeding/Hoeingy Rs/Ha 28860
[Taxes Rs/Ha 2390 uxes Rs/Ha 900
Rirmigation Cangh(1 | feri) 34963 01 Wi Prigation Conak 18 imi. 56558 o w00
Tubewel&im 1851 0Q 07 1305 0
Total Cos 281329 Total Cost 351887
(Gross Margin Per Hectare 415074 Gross Margin Per Hectare 216682
Toss Margin /MY of Water 7R {Gross Margin /MY of Water s
+ross Margin Nan Day of Labor 922.4 401.3

* Excludivg Cost of Harvesting

143



SUGARCANE CROP IN KHAIR PUR EAST CANAL (1994-9T)

SUGARCANE CROP IN KHAIRPUR WEST CANAL (1996-97)
Units Quantity  Unil Price  Rupees Units Quanlity Unil Price  Rupees
{ Financialy {Minancial)
Product Kelia nsUBZ 0 UK I Product Kella ShI6l0 09 306149
- Proguct Rkehla Hy- Product RsA L 0o
Total Output 5176%.6 Total ¢ maiyuat L0634.9
Produgtion Cost . Production Cest
Seed Kg'Ha 52520 [R1] 52520 Seed KgHa 4954 0 OE M1 2
Ferilizet Urea (Bags) a0 Mt ) 292840 Fertilizer Uren {Dags) 57 b0 2086 2 7
DAP (Bags) 0 SRo O 17580 DAPF (Bagsy X1 5360 17580
NP (Bags) oo [Tt no NP (Bugs} 00 4660 (1)
AN (Bugs) no 258 1 un AN (Bugst ai 2580 258
Y M 910 20 LA FYM 120 1500 .14 t1¢]
Pesticide:Chemical Spray Numbers a0 e e Pesticide/Chemical Spray Numbers 10 [DLrR] mio
Cost of Land Preperution Rs/Hu 23820 Cost of Lund Preperalion Rs/Ha 23760
Sccd Bed Preperation Rs/Ha 14611} Seed Bed Preperution Rs/Ha 0.0
Family Labor Mun days® 4.0 770 570 Family Labor Man days® 360 770 2172 ¢
Casual Labor (Harvesting) RsHa 65962 (LN} £596 2 Casual Lubor (Harvesling) Rs/Ha 562610 ¢l s6i6.1
Sowing Rs/Ha 0300 Sowing RsHa 4080
Intercudinre (Weedmg ' Hoeing) Rs'l{a oos 0 Intercultuse {Weeding/Hoting) RsHa I
Tuxes Rs/Hu Lyl Taxes Rs'Ha 6.0
Irrigalion Cunal{il wri) 2496 3 [(R] no Irrigation Camalt 11 imi. 34963 o1 940
Toual Cost 26570.1 Totsl Cont 13559.3
Gross Margin Per Heclare 1615%9.4 Gross Margin Per Heclare 17075.6
(Gross Margin /M2 of Water 75 ross Margin /MY of Water 7.7
| Grinss Margin /Man Ty of Laber 6100 Gross Margin /AMan Day of Labor 752.1
* Excluding Cost of Hurvesting * Excluding Cosl of Harvesting
Appendix- 7 Appendix-[75
SUGARCANE CROPIN LINED CANAL (199097} SUGARCANE CROF IN NARA ('ANAE.
Units Quanity  Unn Price Rupees Units Guantily  Unil Price Rupezs
{(sanciyl) { fimancial)
Product Kg/Ha bloRH 1) X1} KR D Product Kgdia 691600 10 691600
By-Product RsrHa Thy-Product Rs Ha
Tols) Guipul 62686.0 Total Output 69160.0
Production Cost Produgtion Cost
Seed Ke/ia BO95.0 tu RO5 0 ced KgHa 8477.0 10 £4770
Fenilizer Urea (Bags) 90 b o 00 Fenilizer Ures (Bugs) 90 1660 3940
AP (Bags) ig GO 22z & DAP (Bags) in 5860 17530
NP (Bags) L2 A6 0 796 NF {Bugs) Ie 456.0 456
AN (Bugs} 00 2580 [HU AN (Bags) 08 2580 206 4
FYM 6l 1750 150 FYM 0.0 oo [1X¢]
Pesiicide{ hemcal Spray Numbers 10 12070 12070 Pesiicide/Chemical Spray Numbers oo a0 00
C"osl of Lund Preperation Rs/Ha 4990 Cost of Lund Preperation Rs/Hu noo
FStcd Bed Preperation Rs/Ha . a0 Seed Bed Prepernion Rs/Ha 00
Famity Labwr Man days® 551 Th EFALRY Fanily Labor Man days* 510 0 9270
{ “asual Labur {Hurvesting) RsiHa 62686 ol 6R G Casus Lahor (Harvesting) Rs'Ha 91600 14} 69460
Sowing Rs/Ha RiM) D) Sowing Rs/Ha 9750
Jlnleftul'lur: { Weeding/Hoeing) Rs'Ha 2mao Interculture { Weeding/Hoeing) Rs'Ha 26690
Tuves Rs/Ha IR Taxes Rs/Hay 2980
Ivigation Canal{l6mi) 50088 nl EERE lrrigarion Conal 16 imi. SOIEE ol Ao
Tubewek? im 21595 07 14230
Total Cost 365210 Tral C'ost 33519.0
t:ross Margin Per Heclare 16165.0 (Gross Margin Per Hectare 356310
Ciross Margin /MY of Water 0 |G ross Margin /MY of Water T
wrose Margin Man Day of Labor 4757 (Gross Margin /Man Day of Laber 698.6

* Excludimg Cost of Harvesling

* Excluding Cost al Harvesting

144



Appendin-09

Appendix- 1319
SUGARCANE CROP N NORTH WEST CANAL {1996-97) SUGARCANE CROP IN PINYARI CANAL (1996-91)
Units. Quantity Unil Price Rupees Unils Quantity Unit Price  Rupees
(Fimancial) (financial)
Procdct Kgidta SOZIN 0 in 502210 (¢ Product e/l aR410 0 a9 613771
By-Product Rs/Ha Thy-Proaduct Rs/la
Tutal Onput 50213.0 Total Ouipu 6ISTT.|
Prodluction Cost Production (st
Seed Kg/Ha TN G 1 7700 Seed Kg/Ha HUOO 09 81909
Fertilizer Urea (Bags) 50 A6 D 18M10 Ferlilizer Urea (Bags) R4 Ak 0 N4
DAP (Bags) s SR6 0 14650 DAP (Bugs) 40 5860 2da40
NP {Dags) 00 4660 o NP (Bags} 0o 466.0 oo
AN [Bugs) 0.0 25810 {11 AN (Bags} nn 2580 00
FYM [X3] 0 e FYM 0 164 0 1476 0
LI’:s!indt/Chcmicul Spray Numbers 1.0 14820 1482 0 Pesticide/Chemicul Spray Numbers 20 988.0 1976 0
Cost of Lund Preperation Rs/Ha 24780 Cost of Land Preperation Rs/Ha %420
15“‘1 Bed Preperation Rs/Ha 00 Sced Bed Preperation Rs/Ha As10
Family Labor Mun days* o 170 0030 Family Eabor Man days* 530 77.0 4081 0
Casual Labor (Harvesting) Rs/Ha 50221 0 01 50223 [Casuat Labor (Harvesting) Rs/Ha 6R119.0 1] 68419
Sowing Rs/Ha Q70 [Sowing Rs/Ha TTA D
lnterculture (Weeding/Hocing) Re/Hy 1062 0 Interculture {Weeding/Hoeing) Rs/Ha 2100
Taxes Rs/Hu WA Taxes Rs/Ha 1o
Irrigation Cal(10im} 31378 0] a0 Jirrigation Canak 12 imi. 59643 01 90.0
Todal Cose 35177.2
Total Cost 26006}
ross Margin Per Hectare 263999
Gross Margln Per Hectare 242167 ross Margin /N3 of Water 44
Gross Margin /MY of Water 76 Sross Margin /Man Day of Labor 498.1
Gross Margin /Man Day of Labor 620.9 * Excluding Cosi of Harvesling
* Exchodmg Cost of Hurvesting
Appendix-D1 1
SUGARCANE CROP IN ROHRI CANAL ¢1996-97)
Units Quaniey Uit Price  Rupess
gfinuncial)
Product Kg/Ha 71529.0 09 64376 |
By -Product Rs'Ha
Tolal Qutps 64376.1
[Preduction Cest
Seed KpHa 45160 09 58644
Fertilzer Urea (Bags) 80 6t 0) pLoTT
DAP (Bugs) s R60 0810
NP (Bugs) 0? 4660 162
AN {Bags} 0.} 2530 774
Fy'M 9.0 1660 M0
Peslicide/Chemical Spray Numbers 10 10770 1770
[Cost of Lund Preperation Rs/Ha 4720
Seed Bed Preperation RsHa 1240
Fumily Lubor Man days* 500 e LEATHIH
(Cusual Labor (Harvesting) Rs/Hy Ti8290 [EX] 715249
Sowing RsHa BiKFD
Intercudiure ( Weeding/Hoeing) RsHa 1875 0
Taxes RsHa 8400
Irrigation Canal{15irmi ) 47301 nl 3830
Tubewel(8 ri 2468 0 "o 1423 0
Total ('nst 325379
Ciross Margin Per Heclare J1K38.2
Ciross Margin /MY of Water a4
(rross Mlargin /Man Day of Labor 6368

* Excluding Cosl of Harvesting
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Appendix-E32
RICE CROP IN BEGARI CANAL (1997) RICE CROP IN DADU CANAL (1997
Unitz Quantity  Umit Price  Rupees Units Quantity Unit Price  Rupoes
{financial) {financial}
Product Ky/tla 3506.0 5.0 118y Praduct Kt o440 $.0 197200
rBy-l’ruducl Rs/Hu Stvn By-Product Rs/'Hu b0
Total Rs/Ha 18043.0 Total ReHa 20088.0
|Productien Cost Production Coit
Need Xpg/Ha 1.0 55 555,58 Seed KgHs 7.9 55 3338
Fertilizer Urea (Bags) 27 166.0 9882 Fettilieer Urea (Bagsi LR ] 3060 1251.0
DAP (Bags) (R ] $86.0 10548 DAP (Bags) |6 $36.0 LALX )
Zine {Bays) 02 AL 5.0 Zinc {Bugs) a9 (LX) 0.1
FYM 0.0 150.0 0.0
IFm 04 150.0 0.0
YPesticide /Cheomcal Spray Numbers 1.0 350 M0
Festicide /Chemicul Spray Numbers 10 5.0 350
Cost of Land Preperation Rs/Ha 13550
Puddiing Rs/Ha 190 iCost of Land Preperation Rs’Ha 1.0
Puddling Re/H 1o
Family Lubor Man days* 20.0 .0 1540.0
asusl Labor { Transpianting) Ry'Ha 000 Fanily Labor Man days® e e 16470
‘ayual Labor (Harvesting) Ry/Ha 410 IC waual Labrot { Transplunting) RyHa 3.0
[Casual Labor (Harvesting) Rs/Ha 4990
Muchinery Cost(Theeshing) Rs/Ha 3506.0 ol RL1eX ]
Machinery Cost(Threshing) Re/Ha ALIEE 01 044
Intetenliure Weeding) Rs/Ha
W90 Interculiure{ Werding) Es/Ha
Taxes Re/Ha 362,0
Taxes Rs/Hn
rigation Cunal 20irmi. 62728 0.0 {on.0
Tubewel(? imi.)  2059.5 o9 1895.0 Irrigation Conal 20imi. 6581.3 0.0 190.0
Total Cost i0iod.] Totnt Cost 9223.6
Grots Margin Per Hectare 7878.9 Gross Margin Per Heclare 10864.4
1Gross Margin ™ of Water 0.9 Gross Margin ™ of Water .7
|{Gross Margin /Mas Day of Labor 1919 lGross Margin /Man Day of Labor 5174
* Excluding Transplaring & } ing Cost * Excluding Teansplating & Harvesting Cost
Appendiz-EY Appendix-E4
RICE CROP [N DESERT CANAL {1997 RICE CROP IN FULELI CANAL [1997)
Univs Rupees Units Cuaantity  Unit Price Rupers
{Tinancisl|
Product Ki/Ha 1164.0 5.0 (RR20.0 Product Kg/Ha 840 48 15761.2
By-Product Rs/Ha 4110 By-Froduct Re'Ha 540.0
Total Re'Ha 19257.0 Total Re/Ha 16303.2
Production Cost Production {est
Seed KgHa 120 50 5600 ced Kg'Ha 0.0 50 0.0
Fertilizer Urea (Bays} 23 Isb 0 8418 [Fenilizer Ures (Bags) 50 3ot.0 1830.0
DAP (Bags) 20 586.0 1720 DAP (Bags) 10 536.0 586.0
Zine (Bags) o0 B8RO a0 Zinc (Bags) 00 180 o0
ﬂFYM 0.0 150.0 nn FYM 0.6 150.0 90.0
Pesticide /Chemical Spmy Nuwmbers 1.0 355.0 15%.0 Pesticide AChemical Spray Nutnbers 10 1550 5590
jCost of Land Preperation Rs/Ha 1125.0 {Cost of Land Preperation Re'Ha 140
Fl’uddlin; Rs/Ha 137.0 Puddling Re'Ha 0.0
Family Labor Man duys* 110 7N 1 Mty Family Lahor Man duys* 210 T 1170
Casuatk Lobor { Transplanting ) Re/Ha T Curual Labor (Transplauting) Rs/Ha 625.0
Casual Lubor {Hurvesting) Rs/Ha 5H.0 (Casual Labor (Harvesting) Rs/Ha 4910
Machinery Cost{Threshing) Rs/Ha 1ed4.0 ol 34 Machinery Cost Threshing) Rs/Ha 3ZEA.0 [ 3] 3264
Interculurel Weeding) ReHu Interculturei Weeding) Rs/Ha
hLIRN 3020
Taxes Rs/Ha Taxes Rs/Ha
imigation Canal 1%imi. 53473 o0 1HED Jirrigation Camal 1 Timi. 5347} 0.0 188.0
[Total Cnst TO2.2 Total Cost 8986.4
[Gross Margin Per Hectare 11354.8 [Gross Margin Per Hectare 73168
Gross Margin M of Water 21 «ross Margin /M ‘of Water 1.4
Cirmas Margin /Alan Day of Lebor W79 C:rnss Margin /Atan Dy of Labor 1484
* Excluding Transplating & Harvesting Cost ¢ Excluding Transplating & Hi ing Cost
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RICE CROP IN GHOTKI CANAL. (1997)

RICE CROP AN JAMRAQ CANAL (1997
Units Quanlity Unit Pricc  Rupees Unils Quantity Usit Price  Rupees
{lingnenal _ {financiat}
Product KgHa 26880 50 134400 Product KgHa 268230 47 1N2ER
By-Prodict Rs/Ha 0] By-Product Rs/Ha 510
Total Rs/Ha 13643.0 olul RsMa 131791
Produciion Cosn Production Cost
Seed Kg/Ha 510 60 e o Sced KeHa 430 55 264
Fertibzer Ureu (Bogs) is L1 1281.0 Fertilizer Urea (Bags) 5.0 3660 18310
DAP (Bags) 50 5860 5860 DAP (Bags} 08 5860 68 8
Zinc {Bags) [+14] BR Q) o NP (Bogs) 03 4560 139§
FY'M 6o 1500 130 FYM [31+] 1500 00
Pestivide /Chemical Spray Numbers 1o sso ALLRH Pesticide A hemical Spray Numbers 10 1580 3550
Cost of Lund Preperation Rs/Ha 1526.0 Cost of Land Preperaton Rs/Ha 1804 0
HPuddling Rs'Ha )4 Puddling Rs/Ha M0
Famly Labor Man duys* 40 Tra 1848 0 Family Labor Man days® 220 770 Is%a0
Casual Labor ( Transplanting) RsHa ERER) JCaswal Labor (Trunsplanting} Rs/Hu 194.0
Casual Lator (Hurvesling) RsHa 4970 [Casual Eabor (Harvesling) Rs/Ha S04.0
FMachinery Cosh Threshing) RsHa 26330 0l 638 Machinery Costi Threshing) ReHa 28200 '] 282.3
Interculturer Weeding) RsHa Jinterculiure] \eeding) RsHMa
90 MT0
Taxes Rs/Ha Taxes Rs/Ha
tmigation Canal 2tim 65813 04 1800 Irrigatan Cunal 20irti. 62728 00 1910
Tubeweli2 irh.) 6170 1h R0
(Todal Cost 5042.8 Total Cost . 8743.2
Gross Mlargin Per Hectare 4600.2 Gross Margin Per Hectare 5038.2
Gross Margin /M 'of Water 6 Gross Miargin /M’of Water 0a
(Groax Margin /Man Day of Labor 191.7 GGross Margin /AVan Day of Labor 2289
* Excluding. Transplating & Hurvesting Cost * Excluding Transplating & Harvesting Cost
Appendix-E? Appendix-E4
RICE CROP IN KHAIRPUR EAST CANAL. (1997) RICE CROP IN KHAIRPUR WEST CANAL (1997)
Uniis Cuanity  Unit Price Rupees Units Quantity  Unit Price  Rupees
{ (inancialy (i sl
Product Kg/Ha 2200 50 oS0 Product Kg/Ha 1188.0 47 14983 6
By-Product Rs/Ha al70 iBy-Product Rs/Ha 427.0
Tolal Re/Ha 11622.0 Totul Rs/Ha 15410.6
Production Cost Production Cost
Seed KeHa 6?70 57 Yy Seed Kg Ha 530 51 M078
Fenilizer Urey iBags) 17 60 988 2 Ferlilizer Lirea (Bags) 40 660 14640
DAP (Bags) 0 586 0 H2o DAP (Bugs) ] 5360 e
NP (Bags) 02 466 4 42 Zinc (Bags) a8 B0 440
FYM a0 15na L) FY'M ne 1500 00
Pestiode (Chemicul Spray Numbers 10 850 S50 Pesticide /Chemical Spray Numbers 10 3550 3550
Cosi of Land Preperation Rs/Hu ' 15750 Cost of Land Preperation RsHa 1824.0
Puddling RsHa 0y Puddling Rs Ha 890
Famly Lubor Moan days* 20 770 16176 Family Lubos Mun duys® o 70 15400
Casual Labor ( Transplanting) RsHa msa Casual Labor ¢ Transplanking) Rs/Ha LELY ]
Casuul Labor (Harvesling) RsHa SN2 ICasual Labor {Hurvesting) Rs/Ha 5080
Machinery Cost Threshing) RsMHa 010 ol 1) Machinery Costi Threshing) Es'Ha MEEOQ [\]] ABR
Inierculturet Weeding) Rs/Hu LlnlcrcullumWeedmy Rs/Ha
M20 Mo
Taxes RsiHa Taxes Rs/Ha
Emigation Canal 1 70mi 5M73 a0 1944 Irrigation Canal 18imi 6558 a0 187.0
Toral Comt R131.4 Tolal Cost 8768.2
Gross Margin Per 1lectare A49n.6 (iross Margin Per iiectare 66424
Groas Margin /M of Water 07 G ross Margin /M 'of Waler 12
1iGross Margin /Man Day of Labor 1662 rms Margin /Man Day of Labor 3321
* Excluding Transplating & Harvesting Cost * Excluding Transplating & Hurvestng Cost
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Appendix-E9
RICE CROP IN LIXED CHANNEL (1997)

Appendin-E L}

RICE UROF IN NARA CANAL (1997)
|l Unils Cuantity  Linit Price Rupees Units Quantity Unit Price Rupees
(financialy i sy
'IPmdu(l KgHa 1058.0 4.7 143720 Product Kg/Ha RULER ) LA 17065.7
13- Proadwet Rs/tla [BEKH By FProduct RsHa 1235
Tedal RsiHa 15025.0 Total Rs/Hw 171892
JProduction Cost Production Cost
Seed Kp/Ha 28.0 5.5 dHd A Seed Kg/Hu 40.0 &5 220.0
Fertilizer Urca {Bugs} 5.0 Moo IR0 Fertilizer Ures (Ragst AR] A66.0 nns
DAFP 1Bags) 04 SRe.0 N4 DAP (Pagst a3 580.06 435
NP {Bags) 1.0 4060 466.0
FYM ne 1500 HLO FYM [11] 1500 0.0
Pesticide +( hemical Spray Numbers Lo 1550 ALY Pesticide 7 henical Spray Numhers Lo 1550 50
“ost of Land Preperution Rs/Ha 1970 Cost of Land Preperaton Ry'Ha 18020
Fiddling Ry'Ha 1206 Puddling Rs/Ha 1540
Family Labor Man duys* 2.0 . [EEX] Family Labor Man duys® 250 TTO 17710
Casual Labor {Transplanting) Rs/Ha ™m0 " asual Labor { Traksplimting) Re/Hu 617.0
Casual | abor {Harvesting) Rs'Ha saT.0 [Casuzl Labor {Harvesting) Rs/Ha 500.0
Machinery Costl Threshing) Rs/Ha 1058.0 01 wsa Machincry Costl Threshing) Rs/Ha RLATRY Gl LN}
Hlnlmullurtl‘-\"crdingj Ra/Ha Tnverculture{ Weeding) Rs/Ha
ARUEI} 206.0
Tuxes Ry'Ha Tanes Rs/He
Irmigation Canal 21irri. 6581.0 0 15¢.0 rln-i;nlion Canal 13 413133 (4] 1610
Total Cost A350.2 Tatal Cost 91964
(Gross Margin Per Heclare 61664 Cress Margia Per Herlare 78928
Gross Margin INof Water ne sross Margin ™ol Water L9
{:rncs Margin /Man Day of Labor 28403 irnss Margin Man Day of Labor 34312
* Exciwding Transplating & Harvesting Cost * Excluding Transplating & Harvestiy Cost
Appendin-E 1} Appendin-E 12
RICE CROP IN NORTH WEST CANAL {1797} RICE CROP IN PINYARE ('J\NAL.[IWT}
Units Quantity  Unit Pice Rupees. Units Quantity Unit Price  Rupees
{financialy {financial)
Product Ka/Ha Me17.0 5.0 IROAS O l”roducl KyHa 24950 5.0 124750
By-Product Re‘Ha LU By-Froduct Rs/Ha 655.0
Total ReHa 1RORL0 Toral RaHau 131300
Produciion Cost Production Cost
Seed KyHa 9.0 5.8 (1LY} Seed Kg'Ha RR.O [} 40
Festihzer Urea {Bags) 16 M. G LETRY Fertilizer Ures (Bags) 50 3660 13300
DAP (Bags) 1.3 SR.0 H54.R DAP {Bays) 0.7 586.0 410.2
Zine (Bagy) 09 RRO 102
FVYM 0e 1500 (RN} FYM o 150.0 1350
Pesticide /Chemical Spray Nutmbers 1.0 3550 LELE ] [Pesticide /Chemica! Spray Numbers 1.0 355.0 350
[Cost of Land Preperation RyHa 1414.0 [Cost of Land Preperation Rs/Hn 1230
Puddling Rs/Ha 150.0 JPuddling Rs/Ha 0.0
Family Labor Man days* Mo RERY 1R4LD Family Labor Man days* 24,0 o 16170
‘axual Labor { Transplanting) Re/Ha 1020 (Casual Eabor (Transplaming ) Re/Ha 010
ICasual Libor (Hanesting) Rs'Ha LUAR ) Casual Labor {1 larvesting) Rsbba 4940
Machinery Costi Threshing Rslla w10 ol l? Machincry {'ost Threshing) Rs/Ha 24950 L3} 2495
Enterculturel Weeding} Rs'Ha InterculiuretWeeding) Rs/Ha
o 4.0
Taxes Rs/tlu [ Tanex Re/Ha
rrigation Canal Xhm. 61728 LEXE) IHLO Yirrigation Canl i RULLN Y 0.0 189.0
Tubewelld irmi.) 15425 Lk 1250
Tatal Cost 8988.7
Tewal {'ust (0198.3
Groas Margin Per Heclare 4141.%
Cerass Margin Per Hetlare B4H2T Cormss Margin /Mol Watey oA
Ciruss Margin /6 ol Waler 11 C.rems Margin /Maa Day of Labor 19272
iross Alacgin /Aben Day of 1.abor 1514 * Excluding Transplamwg & Harvesting { ost

* £xcluding Transplating & Hatvesting Con
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Appendis- 1}

Appendiz-El4 .
RICE CROP [N RICE CANAL (1997 RICE CROP IN ROHRI CANAL ll”n
Rupees Unihs Quaniity Unit Price  Iupees
{fmancial) £ Mmane
Producy KgHa 43990 jo 21950 Praduct Kg/Ha MO 10 17480.0
Ry -Product Ra/Ma Sh9n |By-Product Ra/Ha $130
Total Rs/Hs 22564.0 Tosal Re/kn 18023.0
Production Coxt Froduction Cost
Seed KpHa 930 50 [ Seed Ke/Ha 7o s7 %4
Fertilizer Urea [ Bugs) 238 Isa 24 Fertilizer Llres |Bags) 45 Jse 0 1847.0
DAP (Bags) 1 hL1Y 2 DAP(Bag) s 0 o
Zimk {Baga) 10 880 RO
FYM L] 1%0.0 %0 IFYM oo 1500 o0
Pesticide /Chemical Spray Numbers (K] 3350 550 Pesticide Chentical Spray Nutmbery 1 1550 Mo
{Cost of Land Preperation ReHu 1678.0 Cosy of Land Preperaiion Ry'Ha 18800
Puddling faMa 1R6.0 Poddling RyHa 1]
Family Labor Man days” 20 0 17710 Family Labor Man days”* 10 10 18340
[Caswal Lubor { Transplanting) ReHa 940 [Caswn! Labor (Tramsplanting) ReHa 808.0
Caswal Labor (Hurveating) Rs/Ha LTEN € "atwil Labor (Harvesling) RyvHa 5050
M ac hincry Cosil Threshing) RaHa 4199.0 ol 49y [Muchinery Cosl Threshing) Ra'Ha Jaomo [ 1] Mg
imierculture( Weeding) Re/Hs Hlnmhu(\ﬂ'eedill) ReHy
kRl M0
[Taxes RsHs Tuxes Rs/Ha
krrigation Canal 20wi. 62728 ©o0 120 [irrigation Canal 16, 0388 (L] 1900
TubcwekGimi 18310 10 18520
Total Cost 0286.7 Total Cest 10489.2
[Gross Margin Fer Heclare 132772 (Gress Margin Per Hectare RiSAR
Groas Maygia /M of Water 21 Groes Margin /M of Waler 14
Gross Margis /Man Day of Laber 5713 (Gross Margis /Man Day of Labor 2.4
* Exchxding Transplating & Harvesting Cost * Excheding Transplating & | g Cott
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IIMI-PAKISTAN PUBLICATIONS

RESEARCH REPORTS

Report No. Title Author Yoar
R-1 Crop-Based Irrigation Operalions Study in the North West Carlos Garces-R June
Frontier Province of Pakistan D.J. Bandaragoda 1994
Volume [: Synthesis of Findings and Recommendations Pierre Strosser
Volume |I: Research Approach and interpretation Carlos Garces-R June
Ms. Zaigham Habib 1984 ||
Pierre Strosser
Tissa Bandaragoda
Rana M. Afaq
Sased ur Rehman
Abdul Hakim Khan
Volume lll: Data Collection Procedures and Data Sels Rana M. Afag June
h It
Piorre Strosser 1994
Saeed ur Rehman
Abdul Hakim Khan
Caros Garces-R
R-2 Salinity and Sodicity Research in Pakistan - Proceedings of a one- J.W. Kijine Mar
day Workshop Marcel Kuper 1995
Muhammad Astam
R-3 Fammers’ Perceptions on Salinity and Sodicity: A case study into Nesitlje Kislen May
tarmers’ knowledge of salinity and sodicity, and their strategies and 1996
practices to deal with salinity and sodicily in their farming systems
R-4 Modelling the Effects of Irrigation Management on Soil Salinity and S.M.P. Smets June
Crop Transpiration at the Field Level (M.Sc Thesis - published as 1996
Research Reponrt)
R-5 Waler Distribution at the Secondary Level in the Chishtian Sub- M. Amin K. Tareen July
division Khalid Mahmood 1996
Anwar Igbal
Mushtag Khan
Marcel Kuper
R-6 Farmmers Ability to Cope with Salinity and Sodicity: Farmers' Neeltje Kielen Aug
perceptions, slralegies and praclices for dealing with salinity and 1996
sodicily in their farming systems
R-7 Salinity and Sodicity Effects on Soils and Crops in the Chishtian Neeltje Kielen Sept
Sub-Division: Documentation of a Restitulion Process Muhammad Aslam 1996
Rafique Khan
Marcel Kuper
R-8 Tertiary Sub-System Managsment: Khalid Riaz Sepl “
{Workshop proceedings) Robina Wahaj 1996
R-9 Mobilizing Social Organization Volunteers: An Initiaf Methodelogical ‘Mehmoodul Hassan Oct
Step Towards Establishing Effective Water Users Organization Zafar Iqbal Mirza 1996
D.J. Bandaragoda
R-10 Canal Water Distribution al the Secondary Level in the Punjab, Steven Visser Qct
Pakislan (M.Sc Thesis published as Research Report) 1996
R-11 Development of Sediment Transport Technology in Pakistan: An M. Hasnain Khan Oct
Annotated Bibliography 1996
R-12 Medeling of Sediment Transport in Irrigation Canals of Pakistan: Gilles Balaud Oct
Examples of Application 1996
(M.Sc Thesis published as Research Report)
R-13 Methodologies for Design, Operation and Maintenance of Irmigation Alexandre Vabre Oct
Canals subject to Sediment Problems: Applicalion to Pakistan 1996

(M.Sc Thesis published as Research Report)




—
Report No. Title Author Yoar |
R-14 Govemment Interventions in Social Organization for Water Waheed uz Zaman Oct ||
Resource Management: Experience of a Command Water D.J.Bandaragoda 1996
Management Project in the Punjab, Pakistan .
R-15 Appiying Rapid Appraisal of Agrcultural Knowledge Systems Derk Kuiper Nov
{RAAKS) for Building inter-Agency Collaboration Mushtaq A. Khan 1996
Jos van Oostrum
M. Rafique Khan
Nathalie Roovars
' Mehmood ul Hassan |
R-18 Hydraulic Characteristics of Chishtian Sub-division, Fordwah Canal Anwar Igbal Nov
Division 1996
R-17 Hydraulic Characteristics of hrrigation Channels in the Malik Sub- Khalid Mahmood Nov
Division, Sadigia Division, Fordwah Eastem Sadigia |migation and 1996
Crainage Project
R-18 Proceedings of National Conference on Managing Irrigation for M. Badruddin Nov
Environmentally Sustalnable Agriculture in Pakistan Gaylord V. Skogerboe 1996
M.S. Shafique
Volume-I: Inauguration and Deliberations (Editors for ail volumes)
R-18.1 '
R-18.2 Volume-l|: Papers on the Theme: Managing Canal
Operations
R-18.3 Volume-lil: Papers on the Theme: Water Management
Below the Mogha
R-18.4 Volume-1V: Papers on the Theme: Environmental
Management of Imgated Lands
R-18.5 Volume-V: Papers on the Theme: Institutional
Development
R-19 Detailed Soil Survey of Eight Sample Watercourse Command Soil Survey of Pakistan Nov
Areas in Chishlian and Hasilpur Tehsils HMI-Pakistan 1996
R-20 Unsteady Flow Simulation of the Designed Pehur High-Level Canal Zaigham Habib Dec
and Proposed Remodeling of Machai and Miara Branch Canals, Kobkiat Pongput 1996
Norih West Frontier Province, Pakistan Gaylord V. Skogerboe
R-21 Salinity Management Alternatives for the Rechna Doab, Gauhar Rehman May
Punjab, Pakistan Waaqar A. Jehangir 1987
Abdul Rehman
RA-21.1 Volume One: Principal Findings and Implications for Muhammad Aslam
Sustainable Irrigated Agricutture Gaylord V. Skogerbos
R-21.2 Volume Two: History of hrrigated Agriculture: A Select Gauhar Rehman Jan
Appraisal Hassan Zia Munawwar 1997
Asghar Hussain
R-21.3 Volume Three: Development of Frocedural and Analytical Gauhar Rehman Jan
Liniks Muhammad Aslam 1997
Wagqar A. Jehangir
Abdul Rehman
Asghar Hussain
Nazim Ali
Hassan Zia Munawwar
R-21.4 Volume Four: Field Data Collection and Processing Gauhar Rehman Jan
Muhammad Aslam 1997
Waqar A. Jehangir
Mobin Ud Bin Ahmed |
Hassan Zia Munawwar
Asghar Hussain
Nazim Ali
Faizan Ali
Samia Ali
R-21.5 Volume Five: Pradicting Future Tubewell Salinity Discharges Muhammad Aslam Jan

1997




Report No. T Title ] Author Year
!‘ R-21.6 Volume Six: Resource Use and Produclivity Polential in the Wagar A. Jehangir Feb
Imigated Agriculture Nazim Ali : 1997
” R-21.7 Volume Seven: Initiative for Upscaling: trigation Subdivision as Gauhar Rehman Apr
the Building Block Asghar Hussain 1997
, Hassan Zia Munawwar
H R-21.8 Volume Eight: Options lor Sustainability: Seclor-Level Abdul Rehman Apr
Allocations and Investmanis Gauhar Rehman 1997 l
. Hassan Zia Munawar
R-22 Salinisation, Alkafinisation and Sodificatioh on Irrigated Areas in Nicolas Condom Mar
Pakistan: Charactetisation of the geochemical and physical 1997
processes and the impact of irnigalion waler on these processes by
| the use of a hydro-geochemical model (M.Sc Thesis published as ’
1 Research Report) .
R-23 Allemative Scanarios for Improved Operations at the Main Canai Xavier Litrico Mar h
Level: A Sludy of Fordwah Branch, Chishlian Sub-Division Using A 1997 X
Mathematical Flow simulation Model(M.Sc Thesis published as
Research Report) _
R-24 SuHace Irrigation Methods and Praclices: Field Evaluation of the Ineke Margot Kalwij Mar
. irigation Processes for Selecled Basin Irrigation Systems during 1997
Rabi 1995-96 Season
R-25 Organizing Water Users for Distributary Management: Preliminary D.J. Bandaragoda Apr
Resulls from a Pilot Study in the Hakra 4-R Distributary of the Mehmood Ul Hassan 1897 T
Eastern Sadigia Canal System of Pakistan's Punjab Province Zafar Igbal Mirza
M. Asghar Cheema
) Waheed uz Zaman
R-26 Moving Towards Participatory Imigation Management D.J. Bandaragoda May
Yameen Memon 1997
R-27 Flucluations in Canal Water Suppiies: A Case Study Shahid Sarwar June
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